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1.InI置「1】岡【iuction
Theimmunesystemconsistsoflymphocytes,macrophages,dendriIic㏄11sandepidemal
Langerhans'㏄11s.Lymphocytesdifferfromoneano童herbothphenotypesandfUnctionalproperties.
Twobroadlineagesoflymphocytesare爬cognized:重heB亙ymph㏄ 》喧es,whichareprecursorsof
antibody-secretingcells,andtheT,orthymus-dependent,1ymph㏄ytes.Tlympllocyteshavebo重h
regulatoryandeffeCtorfUnctionsandareparticularlyimpOrtantiバce11-mediatedimmunitジ,including
爬actionstomicroorganismsthatareobligateintracellu星arparasites,ingra負rejection,andinimmune
爬sponsestotumor.Asalreadynoted,Tlymphoc)噌esalsoplaya皿essentialroleinantibodyrespOnses
byhelpingBlymphocytestodifferentiateintoantibOdy・-producingcells.However,重hedetailsofthe
activationm㏄hanismofTIymph㏄ytesinvolving㏄11surfacemoleculesarestillunclear.
TlymphocytesderivedfromstemcellsIocatedwithinhematopOieticIissues.SuchTcell
precursorsmiglatetothethymuswheretheyundergoanordereddifferentiationpr㏄essσ〒ig.1-1).
ThemostimmaturethymocytesareinitiaUyfoundintheperipheralpartoftheIhymiccortex.These
㏄11sfailtoexpressbo吐hCD4andCD8markersandarereferredtoas"doublenega電ive脚㏄11s,Most
ofdoublenegalivethymocy重esdifferentiateintothecellsexpressingbothCD4andCD8㏄置1surface
antigen∈㍉ 咽doublepositive"㏄11s.Apaτtofdoubleposi師velhymocytesundergobothself-to】e1nnce
indudionandpositiveselection(deteminationofself-MHC-restridion)andbecomeCD4寺,CD8一
㏄11sorintoCD4昂,CD8+("singlepositive雪雪)cells.ThesesinglcpOsitive㏄11shavebeenconsidcred
Iobema吐uratedimmunocompetentTce11sandarccapableofenteringtheperipherallymphoidorgans.
Thcsedifferentia重edthymocytesmigmtetotheT-dependcnlareaofperipheralIymphoidorganssuch
aslymphnodes,spleenandPeyer,spatchesoftheintestinethroughthehighendothelialvenules
(HEV).Thedetailsfbrre】easingormigra吐ionm㏄hanismsoftheseIhymocytesareunclear.
Onsuchabackground,deve]opmentofTcell-mediatedimmunitywasfUrtheranalyzedinthe
presentstudyfrorn童hetwostandpoints;rolcsofcclLsurfaceaccessoτymo1㏄ulesinTccllactivation
mostlyworkinginthefie!doftumorimmunologyandestablishmentofanewanimalmOdclforT
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Fig.1-1.Differentiationofthy皿ocytes
cel1-deficiency.
Asfbr重umorimmunology,theorctically,重heoutgrowthofprlmarycancerseemstobe
preventedbyimmuneresponse,asindicatedbytheBurnet'simmunologicalsurveillanceconccpt(1).
Howevcr,immunesystemcannotaggrcssivelyrespondtothegreatmassof重umorexceptfb【apart
ofbenignone.Nevclthclessimmunothcrapieshavebcenpcrforrnedwiththefbllowingmethods=1)
StimulationoractivationofimmunesystemsagainsttumorcellsbyuseofvaccineorbiologicaI
rcsponsemodifiers(BRM),2)adoptivetransferofclonalkillcrcellsincludingkmerT,NK,orLAK
2
㏄11s,3)chemoimmunothcrapyusingtoxin-ordrug-conjugatcdmonoclonalantibody,and4)bonc
marrowtransplantationinleukemiapatien吐saftereliminationof亡umorcellsorTcellsinbonemarrow
㏄11sbytreatingwithmonoclonalantibody.
R㏄ently,吐headventofgenetechnologyenabledustoobtainavariouskindofrecombinant
cytokines.Althoughinterleukin2(1L-2)wasfirstdiscoveredasaT㏄11growthfac10rσ℃GF)(2,
3),morerecentstudiesshowedthatithasmulti-functions,e.g.,stimulationfbrproliferationofT,B
andNK㏄11s,differentiationofTandBcells,augmentationofnon-MHC-restrictedcytotoxicityof
NKandTcells,andactivationofmacrophages(4-6).MurineIymph㏄ytesincubatedwlth
recombinantIL-2(r-IL-2)generatelymphokine-activatedkiller(LAK)㏄11sthatareabletolysea
widevarietyoff「esh,NK-resistanttumorcells(7-9).Thus,LAKcellsareapplicablefbrdinical
cancertherapy,becauseLAK㏄11scanbeinducedeasilyandcanlyseavarietyofmahgnanttumor
㏄11sbutnotnolma1㏄1】s.BefbrethetherapeuticapplicationofLAKcells,IcharacteriZedthe
propertiesofLAKcellsintheirprecursorandeffeCtorphases(ChapterII).
Ofinterestarethemolecu】eswhichmaybeinvolvcdinthe㏄11-killingmechanismsofbroad-
reac吐ivekiller(BRK)㏄11sincludingLAK㏄11s.Irecentlyestablishedhybridoma㏄11sproducinga
mAb(temedKBA)whichisable吐obl㏄kthecytotoxicityofBRKcells,includingLAKcells,NK
㏄llsandactivatedmacrophages,butnotcytotoxicTlymphocytes(CrL)(10).Ideslgnatedthe
antigentowhichthismAbisdirectedthelymphokine-activatedcel1-associated(LAA)antigen.The
LAAantigenseemstobeoneoftheaccessorymolecules,becauseKBAmAbcanblockthebinding
ofI.AKcellstotargettumorcellsandtheMWofLAAantigenissimilartothatofLFA-1.Inthis
papcr,IinvestigatedthecorrelationbetweentheLAAantigenexpressionandthein_血andiエL血
activationoflymphocytesorthecellcycle(Chap藍erIH)。
TheinvcstigationofIhcroleofcellsurfacemoleculesinvolvedintherecognitionand重he
activationofTlymphocytesisanimportantissuefbrtheevaluationof鑑hemechanismsofimmune
rcgulatorysystem.TriggeringofTlymphocytesyiaTcellrcceptorC「CR)isoneof重hemost
置mportantstepintheactivationofT㏄11s.However,thedcvclopmentofmon㏄lonalantibodies
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Fig.1-2.InteractionofadhesionmoleculeSg3
(mAbs)tothecellsurfacemo1㏄ulesonimrnunoregulatorycellshassuggestedthatseveraladditional
surfacemolecu]esonTcellsorantigen-presentingcells(APC)arerequiredfbrthestableaclivation
ofTcells(Fig.1-2).Majorhistocompatibiiitycomplex(MHC)classIorclassII,CD4(L3T4),CD8
(Lyt2),CD2(LFA-2),CD58(LFA-3),CD54(ICAM-1)andCDlla.CD18(LFA-1)areallwell
㎞ownfunctionalaccessorymolecules(11-19).However,thepreciseroleoftheseaccesso【y
mol㏄ulesisstillunclear.Inthispaper,IinvestigatedIheroleofLAAan量igen,oneofthefUnctional
acccssorymolecules、onTcellactivationbymitogens,allo-antigen,auto-antigenorIL-2(Chapter
4
IV).
ForthestudyofTIymphocy重eproperties,T-celldeficicncymiceareusef嘘LNudemice
whicharchereditarya電hymicarefrequentlyusedasamodelofToell-deficientanima1(20).
However,establishmentofothertypeofT㏄11-deficientmode1,ifany,willpresentmoreinfb皿ations
onthegenerationandpropertiesofTlymphocytes.Fortunately,ShionogiAburahiLabOratorieshas
developedmdmaintainedaninbredmousestrainnamedcataractShionogi((TS),whichshows
cataracteyeswithmicrophthalmiaandiseuthymicbutdeficientinTcellfUnctions.Ievaluatedthe
usefUlnessof(T3miceas山emode1:first,theimmunologicalcharacteristicsofthismousestrainwas
studiedespeciallypayillga吐tenIiontoitsT㏄11負1nctions,andsecond,thecausesofT一㏄11deficiency
wasanalyzed.1nthispaper,1describetheseveralin_y血nimmuneresponsesand㏄11surface
phenotypesofthelymph㏄ytepopulationsinthespleen(ChapIefV)andthej血 」 血 笠immune
respOnsesagainstthymus-dependentand-independentantigens(ChapterVI).
「
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II.CharacteristicsofMouseThymocyte-deri▼ed,
Pr㏄ursors
Interi ukin-2-acti▼atedKillerCellsandTheir
INTRODUCTION
Lymphokine-activatedkillef(LAK)㏄lls,whicharedistindfromCytotoxicTlymphocytes
andnaturalkjller(NK)㏄11sintheircellsurfacephenotypeandtargetspecificity,areindudblefrom
lymphoidcellsofexperimentalanimalsandhumansbyculturewiIhinterleukin2(IL-2)(7,9,21).
TheseLA・Kcellsexhibitstrongcytotoxicityagainstavarietyoftumor㏄11snotonly血Ly血皿butalso
血 血(22-25).Sin㏄"LAK"isageneraltermfbτthelymphokine-activatedkillercellactivity,LAK
㏄11sappearedtobeinduciblefrommultipleIymphoid㏄11populaIionsandinvolvecellpOpulaIions
thaIhavediff¢rentpheno吐ypes.Indeed,asIhavedcmonstratedearlier(21,26,27),thecell-su㎡ace
phenotypesofLAKcellpOpu】ationsinducedfromnomialmousespleencells,nudemousespleencells
andtumo卜infiltratedIymphocyteswerecommonintheexpressionofThylantigenandlymphokine-
activated㏄11-associatedantigen(LAA;oorrespondingtoLFA-1inmo1㏄ularcharacterandantigen
dist「ib・ti・n(10))b・tdiff・・enti・theexp・es・i・n・fCD3・Lyt2(CD8)antig・・sapdasi・1・GM。
Thymocyteshavebeenregardedasimmunoincompetentcells,bu吐recentstudieshaveshown
thathydrocortisone(HC)-resistant,peanutagglutininreceptor-negative(PNA-)1argethymocytesare
abletorespondtovariousantigens,asopposedtosmallthymocytes,andthatIL-2stimulationleads
thesethymocytestoLAKcells(28-32).AlthoughBudd飢 』L(32)havedcmonstratedrecentlythat
stimulationofLyt2(CD8)一,L3T4(CD4)'Tccllsfrommousethymuswithoult町esupernatant
containingIL-2activityresultedintheinductionofkiller㏄Hshavingabroadtargetsp㏄霊rum,the
properliesofLAKfromthymocytesandtheirprccursorsremainedtobestudiedindctaiLIinduced
LAKcellsf「ommousethymocytesbyusingrccombinanthumanIL・-2(rh-IL-2)andstudied重he
phenotypesofLA、Kcellsand重heirprecursors.Thispaperreportsthatrh-IL-2a】10wstheefficicnt
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indudionofThy1+,L》吐2+,asialoGMi',high-densi重yLAA-bea貞ngLAK㏄11sf沁mHC-resistant
mousethymocytes(HCRT)andthattheirprecursor㏄11sareLyt1(CD5)-orvery-low-density(dull)
Lyt1+,L3T4㍉Lyt2薗largethymocytes・
RESULTS
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Fig.2-1.Effectofhydrocortisone(HC)treatmentonIL2responsivenessofC57BL/6
mousethymocytes.ThymocyIeswereobtainedbeforeor24hafteranintraperitoneal
injectionofasuspensionofhydrocortisoneacetateinphysiologicalsaline・Untreatedor
HC-treatedmousethymocytes(5x105)wereculturedwith2,000JU/mlofrh-IL-2for4
daysandpulsedwith3H一吐hymidine(0.5μCi〈vell)fbr4h.Dose(mg!mouse)ofHC:0,0;
●,1.25;△,2.5;[↓10.
IfirstexaminedtheresponseofHC-pretreatedanduntreatedC57BL/6mousethymocytesto
rh-IL-2.Since,inthepreliminaryexperiments,IfoundthattheIL-2dose(500to1,000JU/ml)
requiredfbrthepreliferationof,andinductionofLへKcells丘o叫spleencellswasnotenoughto
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Fig.2-2.Effe・t・fHC血eatm・nt。LAKg・n・rati・面 ・mthym・・yt…U・t・eat。d・・HC-
treatedC57BI/6mousethymocytes(5xlO6)wereculturedwithth-1L-2(2,000JUlm1)fbr
4daysandthentheircytotoxicactivity.againstBMC2tUmorcellswasdetermined.b.ythe
3H-uridinemethod.Lyticuni1(LU)/106cellswascalculatedasdescτibedin鮒Materialsand
Methods".
stimulatethymoqytes,2,000JUlmlofIレ2wasemployedinthepresentstudy.Theproliferative
lesponseofthymoCytesto由一1レ2isshowninFig.2-1.Normalthymocytesculturedfbr4daysin
thepresenceofrh-IL-2(2,000JU!ml)showedonlyasmaHproliferativeresponse.However,when
micewerepretreatedwithHCatadoseof1.25mglmouse,theHCRTshoweda]argeproliferative
爬sponsetorh-IL-2.Asim皿aHesponsewasobservedwiththethymocytesfrommicetreatedwith
2.5mgofHC,buttheresponseofthe重hymo¢y重esfrommicetrea電edwithlOmgofHCwaslower
th組 止・t・1nacc・ dancewithth・・e・esult・・kil1・・ ㏄11sstm・glyCyt・t・xi・1・・y・gr聖・i・BMC2
fibrosarcomacellsweregeneratedf「omHCRT,butnotf沁mmtreatedmousethymocytesσ〒ig.2-2).
InextexaminedthetargetspecificityandphenotypesofLAKcellsgeneratedfromHCRT.
TheseLAKcellswerecytotoxictoavarietyofmousesarcomaand】ymphomacellsofdifferentH-2
haplotypes(Fig.2-3).Inordertoassess㏄11su㎡白cephcnotype,theLAK㏄11sweretreated.with
antibodiesto㏄IIsurfacealloantigensinthepresenceofcomplementandtestedfbrcytotoxicityto
BMC2cells.TheCytotexicactivityoftheLAKcellswasdiminishedbytreatmen重witheithera耐i-
Thyl.2antibodyorantiLyt2.2antibody,butnotwithanti-asialoGMIantibody(Fig.2-4).These
res山sindica重e重hatLAK㏄11sgeneratedfromHCRTareThy1+,L}雄2←,asialoGM1-Tcells.
ForfUrtherchar歌cterization,theLAKcellsinducedf止omHCRTwerefractionatedbyPcrcoll
8
Tergetcells SCytotoXiCity
Ole20304050607080
Fig.2-3.TargetspecificityofLAKcellsfromhydtocortisene-resisIan¢thymocytes
(HCRT).HCRT(5x10『)wereculturedwi1h2,000JUlmlofrh-IL-2fbr5daysandtheir
cytotoxicityagainstvariouskindsoftumo【cellswasdeterminedby1he3H-uridinemethod。
Effector:target=5011.
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Fig.2-4.Negativeselec亡ionofLへK㏄11sgenerated丘omhydr㏄ortisone-resistant
thymocytes(HCRT).LAKcellsfromHCRTweretreatedwithalloantibodyandcomplement
andtestedfbrcy重otoxicityagainstBMC2tumorcellsbythe3H-uridinemethod
(effector:重arget=25=1).Sta重isticalsignificancesweredetemlinedbyStudent's'-tes1;掌p<0.05.
discontinuousdensitygradient㏄ntrifugationandcellsineachfractionwereassessedfbrphenotype,
Cytotoxicactivityandcapacityfortargetcellbinding(Table2-1).TheLAKcellswere丘actionated
intofoursubpopulationswithdifferentdensities(F卜1toFr-4),Thecy重otoxicityandIargetcel1-
bindingassaysusingBMC2andMBL-2cellsrevealcdthatthecellpOpulationsoflowerdensityand
largersizeinFr-1(54%of重otal)andFr-2(13%oftotal)showedsignificanttargetcel1-bindingand
cytotoxicity,whercas重heothersubpopulationswithhigherdensityandsmallersizeinF卜3(10%of
to書al)andF卜4(23%oftotal)showedalitt!e吐arget-bindingcapacityandnocytotoxicity.TheseLAK
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Table2-1
CytotOxicityandbindingcapacitytoIargetcellsofLへKeellsfractionated
byPercol匪densitygradient
%Bindingc)to
LAKcells') Cytotoxicityb,(LU1106cells)
BMC2 MBL-2
Unfractionated
Fraction1
Fraction2
Fraction3
Fraction4
1.87
2.29
1.74
く①.04
<o.04
23。7
25.7
29.0
4.2d)
19.8
29.5
25.4
4.8d)
??
??
??
d)
LAKcelRswereinducedfromC57Bエノ6mouse止ymocytesbyculturewithrh-
1レ2andfractionatedasdescribedin"MaterialsandMethods".Fractionlto4
cellsrepresentthosecellsthataccumu置atedonthe且ayersof40,55,60and80%
Perco皿sol皿tions,爬specti▼e置y.
CytotoxicityagainstBMC2tUmorcellswasmeasu【℃dasdescribedinttMaterials
andMethods".
Morethan200fluorescent置ylabeledcellswereobser▼edfbrbindingtota㎎et
ce置IS.
Fractions3and4cellswerecombinedandusedforassay.
ce11subpopulationwerethenexaminedforcel】surfacephenotypesbyflowcytometry.Activationof
HCRTwithrh-IL-2resultedinasmallincreaseofThylandLyt2andasmalldecreaseofLyt1
(datanoIshown).Incontrast,itevokedamarkedincreaseofLAA(Fig.2-5).AstoLyt2
expressio叫IargersizethymocytesubpopulationsofstrongerLAKactMty(Fr-1andFr-2)werefbund
toexpressagreateramountofLyt2antigenascomparedtothesmallersizethymocytesubpopu星ations
(Fr-3andFr-4)(Fig.2-6).
InextinvestigatedtheLAKoellprecursorsinthymocytes.ThefrequencyofLAKcell
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Fig.2-・5.AugmcnIedexpressionofLAAanligcllinIL-2-trcatcdllydrocortisone-rcsistant
thyrnocy{es(1{CRT).HCRTorrh-IL-2(2,000JUlml)-stitnulatedHCRTweretreatedei1her
phosphate-buffercdsalinccontaining1%bovillescrum31bumin(BSA-PBS)orFITC-
conjugatedantトLAAan旺body(KBA)andassayedfbrfluorescenceintensitybyflow
cytometry.A,HCRT;B,IL-2-stinlulatcdHCRT.,1,BSA-PBS;b,FrrC-KBA.
precursorsinno㎝althymocytes{mdinHCRTwercassayedbyalimitingdilutiontechnique.The
丘equcncyofLAKprecursorswas7.5timesgreaterinHCRTthanintotalthymocytesσable2-2),
suggestingthatthein血HC`reatmenUedtoconcentrationoftheprecursorcellsinthymocytesand
thusenabledtheefficientinduCtionofLA、KcellsbyculturewithIL-2.
Ifinallyexamined1hephenotypesofLAKprecursorcells.PriortotheactivationwithIL-2,
HCRTweretreatedwithanti-alloantigenantibodyandcomplementandthenassessedforcapacityfbr
theinduCtionofLAKcells.ThetreatmentofHCRTwiIhanti-Lyt2antibodypluscomplementor
anti-L3T4antibodypluscomplementresultedinacompleteeliminationofthymocytespossessing
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F」9・2-6・H・w・yt・m・t・icanaly・i・・fLyI2皿 重i苧・n・nLAK・ell・g・ ・e・at・df「om
hydr㏄ortisone-resistantthymocytes.ThefigureI-epresentSIhefluorescenceintensitiesand
cellvolumesof1ρ00individualcells.
Table2-2
FrequencyofLAKcellprecursorsinuntreatedandhydrocortisone一丘 ea吐ed
C57肌16mousethymocytes
Treatment
No.ce旺s!
吐hymus
(x106)
Frequency
ofpr巴cursors
No.precursorsl
thymUS
Untreated
Hydr㏄ortisone
(2.5mg!mo"se)
110.0
8.8
1!15,000
1!2,000
7βOO
4,400
thesealloantigens,asdetemlinedbyflowcytometry.Inoontrast,treatmentwithanti-Lytlantibody
pluscomplementcouldeliminatedhighintensityLytl-bca血g(brightLytr)Tce】1s,butnotIow
intensityLyt1-bearing(dullLyt1りTcellsfromtheHCRT(datanotshown).Howevef,the
pretreatmentofHCRTwithanti-Lytlantibodyoranti-Lyt2antibodyoranti-L3T4antibodyand
complementdidnotaffecttheIL-2-dependentLAKcellinduction(Fig.2-7).Moreover,culturcof
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Fig.2-7。NegativesclectionofLAK㏄11prccursors.Hydrocortisone-resistantthymocytes
weretreatedwiIhalloantibodypluscomplement(C),and重helMngcells(5x10『)were
culturedinthepresenceofrh-IL-2at2,000JU!mlfor5days.Thecultured㏄11swere
assayedforcytotoxicityagainstBMC6Atumorcellsbythe3H-uridinemethod.
Lyt2-HCRT(fromwhichLyt2+cellshadbeeneliminatedbyarltibodypluscomplement)withrh-
IL-2a】lowed出eappearanceofTcellspossessinghighintensityofLyt2antigen(Fig.2-8).These
resultsindicatethatLAKprecursorcellsinthymocytesareLyt1-(ordultLyt1+),Lyt2-,L3T4-,
hydrocorIisone-resistantceUs.
1)ISCUSSION
凶Lymphokine-activatedkillcr"(orLAK)isageneraltcmfbrIL-2-inducedkillercellswhich
showabroadspectmmofcytotoxicityagainsttumorcells.Therefbre,itapPearstoinvolvemultiple
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Fig.2-8.AppearanceofLyt2う㏄11s丘omLyt2-hydrocortisone-resistantthymocytes
(HCRI)byIレ2treatment.HCRTweretreatedwithanti-Lyl2an電ibodypluscomplemenI
twice.TheremaininglivingcellswerethenstainedwithFrrC-conjugatedan吐i-Lyt2
antibodybefore(a)orafterculturewiIhrh-IL-2for3days(b)or5days(c)andtheir
fl皿orescenceintensitywasdete皿inedbyflow(写tometry.
㏄llpepulations.hlthemousesystem,fbrexample,LAK㏄11sfrornspleencontainatleasttwo㏄11
types;oneisassignedasasialoGMi+LAKofNKcelltypeandtheotherasThylrich,Lyt2+,
asialoGMI-LAKofTcelltype(21).Moreover,LAKcellsffomathymicnudemouseexpressThy
lbutnotLyt2alloantigen(26).
TheresultsreportedinthispaperdemonstratedthatstimulationofthymocyteswithIL2also
allowedtheinductionofLAKcells,ifthemicehadbeenpretreatedwiIhHC,andthattheinduced
LAK㏄11sexpressedLyt2andhighdensityLAA,butnotLytlalloantigenontheircelIsurface、
Withregardto山eLAKprecursor,itisprobablethattheprecursorisimmaturethymocytes.Itis
㎞ownIhattherearetWotypesofimmaturethymocytepOpulations,anHC-sensitiveLyt2+,L3T4+
populationandanHC-resistantLyt2-,L3T4-pOpulation,andthelatterpOpulationisfbundtorespond
proliferativelytoIL-2(33-36).Indeed,negativeselectionassayusingantibodyandcomplementand
thefollowingphenotypeassaybyflowcytometryrevealedthattheLAKprecursorcellsaredeficient
inLyt2antigenand吐hattheIL-2treatmentallowedtheemergcnceofthisantigenin重heinduced
14
LAKcells.AstoLyt1,negativesclec重ionwithanti-・Lytlantibodypluscomplcmenteliminatcdthe
brighlLytrcellpopulation.SincethesetreatmentsdidnotaffcctthelnductionofLAKcells,itis
indicatedthattheprecursorcellsinthymusareLy霊1-ordullLyt1+,L3T4-,Lyt2-Tcclis.
Asjudged丘omthepfeviousandtheprescntresults,allmouseLAKcellpOpulations,
irrespectiveofthecellsource,stronglyexpressbothTllylandLAA(LFA-1)antigensontheircell
surface,andtheyexhibiIsimilarlybroadandstrongcytotoxicityagainstavarietyofmousetUmorcells.
However,theexpressionsofLytantigensandasialoGMIdifferdependingon1hesourceof重he㏄11s.
Itisgenerallyacceμedthatbindingofkiller㏄llstothetargetis書hefirstobligatorys亡epfbrtarget
㏄lldes虻ruction.IobservedthatLAKcellsalsobindtotargettumor㏄11sintheinitialstepofkilling
(10).Ialsoinvestigatedthemo1㏄ulerespOnsibleforthe㏄11-to一㏄11bindingandthesubsequent
cytocidalreaction.Additionofanti-LAAmonoclonalantibody(KBA),butnotofanti-Thyl
antibody,blockedtheLへKcellbindingtotargettumorcellsandthedestnlctionoftargetcells(10).
SinceLAAantigeniscommonlyexpressedontheLAK㏄11surface,LAAisconsideredtobea
candidatefbra皿01eculewhichcontrolsthetargetcell-bindingoftheLAKcclls.
15
11LTheRoleofLymphokine-Acti▼a吐edCelトAssociatedAntigen=DistributionandCorrelation
withCellCycle
INTRODUCTION
TheinvesIigationoftheroleofcellsu㎡包cemol㏄ulesinvolvedin重herecognitionandthe
activationoflymphocytesisallimportantissロefbrtheevaluationof山emechanismsofimmune
regulation.
IpreviouslyreportedthatKBAmonoclonalantibody(mAb),derived丘omhybridomace1蓋s
estab】ishedbyfUsing出emousemyelomaP3×63AG8.653withspleencellsofSDratimmunizedwith
mouselymphokine-activatedkiller(LAK)cells,washighlyfeactivetoLへKcellsandcouldblockthe
cytotoxicityofbroad-reactivekiUer(BRK)㏄11s,includingLAKcells,naturalkiller(NK)㏄lls,and
activatedmacrophages(A-Mφ),butnotcytotoxicTlymphocytes(CrL)(10).KBAmAbrecognizes
molecuIesthatconsistoftwodistinctpolypeptideswithmw180kDaand95kDa.Idesignatedthis
antigenlymphokine-activa吐edce11-associatedantigen(LAA).TheMWofLAAwassimilartothat
ofLFA-1,butKBAmAbappearedtorecognizesomedifferentepitopes丘omthosedefinedbythe
Ml7/4mAbagainstLFA-1,because竃hereactivityofKBAmAbwith(TLandbonemarrowcells
wasdiffercntfromthatofM17/4mAbagainstLFA-1(15,37).
LAAisdistributedonalrlymphocy重es,bu重theamountofLAAontheseunstimulated
lymphocytesislow。Stimulationofspleencellswithrecombinantinterlenkin2(卜IL-2)resultedin
aremarkableincreaseofthclevelofLAA.ThisfactstronglysuggestedthatLAAmo1㏄u】eswere
closelyrelatedtotheactivationoflymphocy書es.
Inthispaper,IinvestigatetheLAAexpressionon血L血【Ωandj血 Ωac重ivatcdlymphocytes
andtumorcelllinesanddemonstra重ethecorrelationofLAAcxpfessionwiththecellcycleofactivated
Tcells、
16
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Fig.3-LEffectofK13AmAbon1heCytotoxicactivityofLAKcells,NKceIls,and(コエ.
IAKcells(○),NKce11s(●),andC皿(ム)wereobtai皿ed丘omC57B][ノ6mousesplecncells
orPECasdescribedundeτMaterialsandMethods.ThesekillerccllscocultUredfor18h
at37。Cwith[3H】uridinc-1abeledtargetcellsinthepresenceorabsen㏄ofvarious
concentrationsofKBAmAb.MBレ2,YAC-1,andRADAIlymphomasweleusedas
targetcellsfbrLAKNK,or(mLrespectively.Effectortotargetratiowas50:1.
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reported(10),theadditionofculturesupematantcontainingKBAmAbtothe
cytotoxicityassayresuhedin1heoompleteinhibitionofLAKactivity、Moreover,itwasdemonstrated
thatKBAnLAbcouldalsoblockthecytotoxicityofNKcells,butnot(コ 「L.Inthepresent
experimenIs,1examinedtheeffectofKBAmAbonthecytotoxicactivityofLAK㏄11s,NKcells,and
CTLbyusingpurifiedK=BAmAbtoexcludetrivialinhibitorym㏄hanismssuchasthenonspecific
toxiceffeCtoftheculturesupernatantbyhybridomacells.ThercsuhsareillustratedinFig.3-1.In
agreementwithourpreviousresults,purifiedKBAmAbs重ronglyinhibitedthecytotoxicactivityof
Aspreviously
LAK-mediated
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bo山LAKcellsandNKcells,butnot㎝L.
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Fig.3-2.TheexpressionofLAAonrestingand`πvゴごroactivatedlymphocytes.LAA
expressiononunstimulatedlymphocytes(spleencells,lymphnodecells,thymocytes,bone
marrowcells)or加w'かoactivatedcells(LAK,MLR-blasts,ConA-blasts,andLPS-blasts)
wasmeasuredusingbiotinyla亡edKBAmAb,FrrC-avidin,andFACSanalyzeLThestaining
procedurcandprepara重ionofactivated㏄11saredescribedunderMatedalsandMethods.(a)
ControlcurveofcellsstainedwithavidinFrrCalone;(b)LAAexpressiononthe㏄11s.
E-N・m・1・pleen㏄11・ ,lymph・・d・㏄11・,
thym・ytes・andb・nem皿・wcell・ail・xp・essed1・w1・v・1・・fLAA.lnc・nt・ast,activ・ti・n・f・p1・en
㏄11switheitherConA,LPS,orallo-antigensresultedinadrama亡icincreaseinLAAexpression.The
Ia・gesti・c・ease・f…・xp・essi・nw・s・b・・rv・dwh・n・p1・encel1・w・・e・ult・・edwith・-IL-2(Fig.
3-2).
1al・ ex・mi・edLAA・xp・essi・n・ni山activ・t・dlymph・cyt・・(Fig。3-3).A
-P・ep・ ・ati・nd・・ign・t・dOK-432,w・・圃asa血 ・tim・1・nt.Assh・w・i・Fig.3-3,
ny星onpassednormalPECexpressedlowlevelsofLAA,whereasnylonpassedOK-432-activatedPEC
possessedhighlevelsofLAA1nterestingly,1ymphocytesinfiltratingintothesolidtumor,BMC2also
expressedhighamountsofLAAcomparedwith加mo卜bearingmousespleencells.
工hWWmUanmorLWiLlin.TheLAAexpressionofj匡1血c山1turedtumor
celIlineswasinvestigated.AHoftheT-lymphomacellstested(MBレ2,EL4,RADA1,and
BW5147)expressedhighamountsofLAA.TheMφ㏄111ineP388D
!wasalsoreactivewithKBA
18
?」
」
?
?
」?
?
?
??
?
?
?》
??
?
」
??
司
■
・
¶
A OK-PEC
昏HεDIu阿
D
醜
T!L
l
l+凹 εD!UH
8
層
.
層
B
喝
、
閥OR-PEC
寺KBAMA6
累一.
E.
…
BEAR-SPL
φKBA洞A8
1
官
1
…
置
5C
lOK-PEC
l
+KBAMA8
」
I
L
i
FiTIL
i、KBAM,
…
r7冒 了 ▼1 -「 冨 ■
FLUORESCE醐Cε1囲τε説slTY
Fig.3-3.TheincreasedLAAexpressiononf'lvivoactivatedlymphocytes.OK-432-
activatednylon-non-adherentlymphocytes(OK-PEC)andIumor-infiltratingIymphocytes
(rlL)fromBMC2solidtUmorweleobtainedasdescribedunderMaterialsandMethods.
TheLAAexpressiononthesecellswasdelemlinedusingbiotinylatedKBAmAb,avidin
Frrc,andFAcsanalyzer.Asacon吐rol,nylon-nonadherentPEcfromne皿almouse(Nor-
PEC)andtumo卜bearingmousespleencells(Bear-spl)wereused.(A)OK-PECtreated
withavidinFITC,(B)Nor-PECstainedwithKBAmAbandavidinF皿C,(C)OK-PEC
stainedwiIhKBAmAbandavidinFrrC,(D)TILtreatedwithavidinFrrC,(E)Bear-spl
stainedwithKBAmAbandavidinFn℃,(】F)TILstainedwithKBAmAbandavidinFrrC.
mAb.Incontrast,myelomas,X5563,P3×63Ag.853,andSP2/0,fibrosarcoma,MethA-adandBMC2,
mammarytUmor,MM48,melanomaB16showednosignificantexpressionofLAA(Fig.3-4).Thus,
theexpressionofLAAappearedtoberestrictedinTlymphomasandMφcellline.一 Toexaminethe
relationshipbetw㏄nLAAexpressionandoellcyclepOsition,C57BL16mousespleencellscuhurcd
withr-IL-2fbrvarioustimeswerestainedwithbothKBAmAbandpropidiumiodide(PI).Figure
3-5displaysthedualparameterFACSprofileforLAA(xaxis)andPI(yaxis).Unstimulated
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Fig.3-4.TheLAAexpressiononvarioustUmorce111ines.lnva●tromaintainedtUmorcell
lineswerestainedwithKBAmAbandavidinFn℃andtheirLAAexpressionwasmeas1tred
byFACSanalysis.(a)Controlcurveofthe㏄11streatedwithavid㎞Fn℃,(b)stainingcurve
oftheoellstreatedwithbiotinylatedKBAmAbandavidinFn℃.
IymphocytesinG。orGlphaseexpressedsmallamou皿tsofLAA(Fig.3-5A).However,after
activationwithr-IL-2for2days,theexpressionofLAAonthecellsinGoorGiphasewasmarkedly
increased.AsmaUnumberofcellswhichhadenteredintoSphasealsoexpressedhighamountsof
LAA(Fig.3-5B).Aftera3-dayculturewithr-IL-2(Fig.3-5C),anumberofcellsenteredintoS
andGYMphaseandtheyexpressedhighIevelsofLAA.However,thePImethod,whichstainsDNA
butnotRNA,cannotdistinguishbetw㏄ncellsinGoandG1.Therefore,1nextexamined山eeffeCt
ofsodiumbutylate,whichis㎞owntoinhibitcelltransitionfromG,置toGlb,toevaluatetheprecise
relationshipsbetweenLAAexpressionandcellcycle.AsshowninFig.3-6,cultureofmousespleen
㏄11swith卜IL-2fbr3daysresultedintheincreasedexpressionofLAA.Incontrast,cultureof
spleence】lswithr-IL-2inthepresenceofsodiumbutylaleresultedinthedisappearanceofincreased
LAAexpression.Fromtheseresuhs,IconcludethattheincreaseofLAAexpressioniscloselyrelated
tothetransitionphase(G1,toGlb)ofthe㏄11cycle.
DISCUSSION
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Fig.3-5.TherclationshipsbetwccnLAAcxprcssionandccllcycle.C57BL/6mouscsplccn
ccllswcrcdouble-1abelcdwi艦hpropidiumiodidc(PI)andbiotinylatedKBAmAbplusavidin
FITCbeforeofafterculturewiIh2,000JU/mlofr-IL-2.(A)Splccnccllsbeforeculturc,
(B)splccnccllsculturcdwi匡hr-1L-2fbr2days,(C)splcenccllsculturcdwith卜IL-2fbr
3days.
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Fig,3-6.Effe・t・f・・di・mb・ty・・1・・nLAAcxp・cssi・n・C57BL!6m・ ・se・p1・・nccll・(5
・106/m1)wc・ecult・cdwith卜IL-2(2,000JU/ml)f・・3d・y・i・th・p・c・・ncc・・ab・encc・f
lmM・ ・di・mb・ty・at・・ndLAAcxp・c・si・・wasassc・scdbyusi・gKBAmAb・ ・vidi・FITC・
andFACSanalyzcr.(A)ControlcurveofIL-2-adiva重cdccllstrci、tedwithavidinFITC,
(B)・t・i・i・gcurv・・ftheccll・cti・・t・dwi電h卜1L-2i・th・p・cscncc・f…1i・mb・ty・・t・,(C)
stainingcurvcofthcccllsculturcdwith卜IL-2intheabscnccofsodiumbutyratc.
RccentreportshavedemonstratedthaIstimu且atlonoflymphocyteswithintcrlcukin2resuhs
inthcgenerationofLAKcellswhicharcdistinc重fromCTLandNKccHs(27,7,8).LAKccllscan
Iysisavarietyof重umorcells血_y血Ωandshowstrongantトtumorcffect血_血(22,24).Howcver,
thedctailcdmechanismsofLAK-mediatedcytotoxicityremainunclear.
Toevaluatethisproblem,1preparcdKBAmAbbyfUsingmouscmyelomacellswi重hsplccn
ccllsfromm(tswhichhadbeenpreviouslyimmunizcdwithmouscLAKcells .Inaccordancewith
21
prcviousresults(10),purifiedKBAmAbcompletclyblockcdthcLAKactivityagainstNKイesistant
MBL-21ymphomacclls.Moreovcr,itwasdcmonstratcdthatNKactivitywashighlyscnsitiveto
KBAmAb,whereasCTLactivitywasinsensitiveloKBAmAb(Fig.3-1).Fromtheseresults,I
concludedthatLAA,definedKBAmAbwascloselyrelatedtothcbroad-reactivekillercell-mediated
cytotOXlClty・
Cellsurfacemoleculesinvolvedinthece11-mediatcdcytotoxicitysuchasT-200,Lyt2,and
LFA-1antigens,etc.havepreviouslybeenexaminedbyothers(38,39).LAAdiffersfromT-200
andLyt2antigcninitsmolecularweight.However,thecharacterofLAAissimilartothemol㏄ular
sizeofLFA-1,whichisknowntobeamoleculeinvolvedlnCrL-mediatedcytotoxicity(40-42) .
Indeed,reccntlyitwasdemonstratedthatKBAmAbrecognizesdistinCtepitopesofLFA-Isystems
definedwithM17/4mAbagainstLFA-1(ou川 叩ublishedobservation).
TheincrcasedcxprcssionofLFA-10nactivatedlymphocyteswasfirstreportcdbyDavignoI1
幽L(43).Inagrecmentwiththeirresults,IconfirmedthatLAAepitopesonLFA-1systemsare
increasedwhenspleencellsareactivatedwitheitherConA,LPS,orallo-antigens.Moreover,Inow
demonstratethatIL-2isthebestsignalfbrtheinductionofLAA(Fig.3-2).Fromtheseresults,I
conclude吐hattheincrcascdexpressionofLAAbymitogensmaybcinducedbyIL-2 ,whichis
endogcnouslyproduccdbyhelperTcells.Itremainsunclearwhctherothcrlymphokines,suchasIL・-3
andBCGF(44,45)canillducehighamountsofLAAonthecclls.
Theobservationthatln」血activatedlymphocytes,
.suchasOK-432activatedPECandTIL
fromBMC2(Fig.3-3)expresshighamountsofLAAsuggestsanimportantrolcofLAAepitopeson
LFA-1moleculcs皿 Ω.OK-432acIivatedPECmainlyconsistedofThy1 .2+,Lyt1-,Lyt2-and
asialoGM1+NKcclls(ourunpublishcddata).TheseresultssuggestthatLAAcxpressionappcarsto
bccorrelatedwithNKcell-activatlonj血Ω.
TheexprcssionofLAAwasrestrictedtoT・・-cclllymphomasandMφcelllinewithothertypcs
oftumorcellsnotexprcssingLAA(Fig.3-4).LAAappcar£obcabsentfrommyelomacc111inesin
spitcofthc五ndingthathighlevelsofLAAarecxprcsscdonLPS-ac重ivatedBce11s.Ihavenodata
22
onB-lymphomas,anditlhusremainsunclearwhetherB-lymphomaceilsexprcssLAA.
TheincreasedexpressionofLAAwascloselyrclatedlothetransitionphasc(G1、toGlb)of
thecellcycle,indicatingthatLAAisacellsur飴ccmol㏄uleimportantintheearlystagcsofT-cell
activation(Figs.3-5and3-6).ThepreciseroleofLAAinT-cellactivaIionwillbedescribedin1he
ncxtchapter.
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IV.TheRo置eofLymphokine-Acti▼atedCell-AssociatedAntigen:
Acti▼ationbyaMonoclenalKiHer-BlockingAntibody
InhibitionofTCelt
INTRODUCTION
TriggeringofT㏄11sviaT-cellan1igen-r㏄eptor(46-48)isoneoftheeaflieststepinthe
activationofTcells.However,thedevelopmentofmonoclonalantibodies(mAb)tothecellsu㎡ヨce
mol㏄ulesonimmunoregulatorycellshassuggestedthatseveraladditionalmembranepro書einsonT
ccllsorantigen-p【esentingcells(APC)arerequiredfb口heearlystagesofT-cellactiva重ion.MHC
molecules,Lyt2,L3T4,andLFA-1areallwellknownfUnctionalT-cellsurfaceantigens(11,37,49,
50).However,thepreciseK)1eoftheseaccessorymoleculesisstillundear.
Irecentlyestab]ishedhybridoma㏄11sproducingKBAmAbwhichisabletoblockthe
cytotoxicityofLAKcells(10).ThismAbrecognizesrnoleculessimilartoLFA-1consistingoftWo
g】ycoproteinsubunits(mw180kDaand95kDa)(40,51,52).However,KBAmAbseemstorecognize
differen吐epitopesfremtheLFA-1antigenepitopedefinedbyMl7!4mAb.Therefore,Idesignated
thisantlgenlymphokine一紐ctivatedce11-associatedantigen(LAA).AsdescrlbedinChapterIII,both
血 血 Ωand血 血activatedlymphocytesexpresshighamountsofLAA。Furthermore,theincreased
cxpressionofLAAisassociatedwiththecellcyclephaseoftheactivatedTcells .Thesedata
encouragedustoinvestigatethero】eofLAAinT-cellactivation.
Inthispaper,IdemonstratethatLAAplaysanimportantrolcinT-cellrespOnseto
concanavalinA(ConA),classIan重igen,andclassIIantigenintheearlystagesofT-cenactivation
,
suchasthephaseofIL-2receptoracquisitionandIL-2production.However,LAAdoesnoIappear
重obeimportalltinT-cellrcsponse重oph)rtohemagg】utinin(PHA)andIL-2.
24
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Methods・an・i・hibit・ry・ffect・fKBA・nAbwassh・w・困 ・血hibiIi・叩 ・伽9・
,whi、h
wascalcuIatedbythefollowingfbmula:%inhibition=(1-q)mofspleen㏄11scultured
withKBAmAbゆm・f・pleencell・㎝1加・edwith・utKBAmAb)x1∞.一
responses,IexaminedtheeffeCtofKBAmAbonavarietyof血1」血 ΩimmmerespOnses.
areillustratedinFig.4-1.TheadditionofKBAmAbcausedasign面cant
responsestoConA,dassIantigen,andclassIIantigen.Ins亡rik
werenotゼ10ckedbyKBAmAbaddition.Ina11theseimmune祀sponses,additionofratmAb
mouseThyl.2antigenshowednoinhibito【yeffect(datanotshown).
inhibitorycffectofKBAmAbonimmuneresponsesisspecific.
LAA」-U』d㎞ 血 几'
ToexaminetheroleofLAAinT-cell
Theresults
inhibitionofT-celI
ingcontrast,T-cellresponsestoPHA
agamsI
Thesedatashowthatthe
4-2wasdesiglledteclarifythestageofT-cellactivationinwhichLAAisreq
Fig.4-1,simultaneousadditlonofKBAmAbinConAresponsesresultedinasignificantinhibition
ofT-cellproliferation.Stronginhibito【yeffectsofKBAmAbwerealsoobscrvedwhenKBAwas
addedtothecultureatcarly書imes(0,1,2,4h)afterConAstimu]ation.However,theinhibitoly
effectofKBAmAbdeclincdwheniIwasaddcd電oConAresponselatcrinthecultureperiod(6,8,
TheexperimentIllustratedinFig.
uired.Asshownin
25
100
80
??
?
?
?
?
?
??
?
?
?
?
012468122402481224ca7Z
㎞"50「K8貞 胸AOOユ 曾10轄
Fig.4-2.KBAmAbinhibitStheeadystageofT-ce皿activation.(A)C57BU6mouse
spl㏄皿 ㏄11s(5x10『tm1)we【ecultutedwith2.5μg加10fConAfor32handpulsedwith
・ 【3H】TdRfbr4h.KBAmAbwasaddedto1hiscultureatvarious吐imesafterConA
slimulation.(B)C57BU6mousespleencells(5xlO6/m1)we爬coculturedwithMMC一
重reatedNJspleen㏄11s(5x10『〆m1)for96h,andpulsedwi吐h[3HITdR.afterreplacing
culturemediumwith丘eshmedium.KBAmAbwasaddedto1hiscu1重urcatvarious輔mes
afte『stimulation.
12,24h).ThesameresultswereobtainedinNlo-MLRassays.AdditionofKBAmAbe rlyinIhe
culture(Q,2,4,8h),butnetatlatertimes(12,24,48,72h),resultedinstronginhibition.Thesedata
indicatethatLAAplaysanimportantroleinT-cellactivationattheearlystages.
Bk一 血C57BL/6mousespleencells
wcreculturedwithorwithoutConAorPHAfbr8hat370C,andpassedthroughnylonwoolcolumns
afterremovingce11-boundConAorPHAbywashingwithO.1Mα一mcthy1-D-mannosideorIV-
acetyl-D-galactosamine.ThcrespOnsivenessofTcellstor-IL-2(2000JU/ml)wasthenmeasured.
AsshowninFig.4-3,cellspreincubatedwithoutConAshowednosignificant【3H】TdRincorporation
regardlessoftheprescnceorabsenceofr-IL-2.Incontrast,thecellspretreatedwithConAτevealed
strongproliferativcresponsesinthepresenceofr-IL-2,butnotintheabsenceofr-IL-2.Thesedata
indicatedthatan8-hConApulsewassufficicnUoinduceT-cellIL-2receptors.AsshowninFig
4-3,additionofKBAmAbilltheprccultureperiodblockedtheacquisitionofT-cc111L-2
responsivcness(indicativeoftheexpressionofIL-2receptors)inresponse吐oConA.Incontrastto
吐hisresult,theacqvisitionbyT㏄11sofIL-2reccptorsbyactivationwithPHAwasnotblockedby
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presenceorabsenceofvariousconcentrationsofKBAInAb(25,125,625,3.125P9/n11).
AfterwashingwiIhα1ハfα一methy1-D-mannosideorO・1MN・-acety1-D-galactosamine重0
1emove㏄皿boundConAorPHA,thecellswerepassedthroughnylonwoolcolumnsand
瀞 謙 膿 聖ut「-IL2(2・OOOJUlml)fo「32h・Afte「㎝1加「e・出eceU・w　P・1朗
theadditionofKBArIAb.
E一 口Ω皿InextexaminedtheeffeCtofKBA
mAbonIL-2production.TheIL-2activitywasdeterminedusingtheIL-2-dependentT-cellclone
T572.WhenT572cel】swereculturedwithculturesupernatantofConA-stimulatedspleence星ls,they
showedadose-dependentresponsctoIL-2.However,inthepresenceofKBAmAb,cuhure
supcmatantofConA-st壼mulatedspleen㏄llsshowedgreaHyreducedIL-2activity.Torcmovcthe
pOssibilitythattheinhibitoryeffeCtofKBAmAbonIレ2productionwasderivedf「omtheKBAmAb
carriedintotheConA-sup,theeffectofKBAmAbonIL-2actionwasdetemined.Asshownin
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Table4-1
EffectofKBAmAb①ntheactionofIL-2曼
1)oseofKBAmAb
(t,L9/mn)
【3H】TdRincorperation
(cpm)
%Inhibition
0.0
0.6
1.2
2.5
5.0
10.0
20.0
57,723=島1939
55y379±191
52,463圭238
60,430±1234
58,192±4665
60,625圭5709
72,150±748
0.4
0.9
-0.4
-0.1
-0.5
-24.0
?? IL-2-dependentT-cellclone,T572cells(104),werecu夏turedwith20JU/m星ofr-
IL-2inthepresenceorabsenceof▼a[iousconcentrationsofKBAmAh.After
culturefbr32h,thecellswerepulsedwithI3H]TdRfor4h.
Fig.4-4,theproliferativeresponsesofT572ce1)swerenotinhibitedbyadditionofKBAmAbtothe
IL-2assay.TheinabilityofKBAmAbIoblocktheactionofIL-2wasconfirmedusingr-IL-2.
AsshowninTable4-1,KBAmAbshowednosignificantinhibitoryactivityonthet-IL-2-dependent
proliferationofT572cellsinanyofthedosesused.TheovercomingeffeCtofIL-2wasnot
attributabletothcfailureofKBAmAbtoinhibitIL。2action,becauseKBAmAbcouldnotinhibit
theproliferationofT572㏄11seveninIhepresenceofsuboptimaldosesofr-IL-2(lessthan20JU/ml)
(Fig.4-5).TheinhibitoryeffectofKBAmAbon】L-2productionisstrong,andlessthanlpg/ml
ofKBAmAbiserioughtoblockIL-2production(Table4-2).
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Table4-2
EffectofKBAmAbonthepmduc輔onofII1-2昌
DoseofKBAn1Ab
(㎎1ml)
IL-2acti▼iIy
(cpm)
%Inhibition
0.0
0.6
1.2
2.5
5.0
10.0
20.0
10,518±295
1,992±651
39375±172
3β58圭502
2,634±436
2301±473
1,632±21
74.8
67。9
68.1
74。9
78.1
84.4
??
C57BU6mousesp星㏄ncells(5x1061mDwerecultu匿℃dwithConA(5μglnll)in
吐hepresenceorabsenceofKBAmAbf(}r20ha吐370C.Afterincubation,the
cu置turesupernatantSwerehar▼esIedand出eirIL-2activitywasmeasuredby
usingT572cellsasdescribedunderMaterialsandMethods.
DISCUSSION
Inthispaper,IdemonstratedthatLAA,definedbyKBAmAb ,playsanimportantrolenot
onlyinbroad-reactivekillercell-mediatedcytotoxicitybutalsoinvariouskindsofT-cellresponses.
Theprocessoflymphocyteactivationisaccompaniedbytheacquisitionofvariouskindsof
cellsu血cemolecules,includingT-cellreceptors,MHCmolecules,andIL-2receptors(46-48,53,
54).Furthermore,arecentworkindicatesthatLFA-1andL3T4moleculesplayanotewor虻hyrole
inT-ce11activation(37,55).However,thepreciseroleof重heseaccesso〔ymoleculesremainsunclear.
ToclarifytheroleofLAA,whichisoncoftheepitopesofLFA-1systems(ourunpublished
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Fig.4-4.EffectofKBAmAbontheactionofIL-2.IL-2-dependentT-ce皿clone,T572
㏄Ils(104),wereculturedwithvariousconcentrationsofr-IL-2ilthepresence(○)or
absence(●)of20F9/mlofKBAmAbfor32handthenpulsedwith【3HITdRfor4h・
【
?
??
「
」
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
↑
?
?
?
?
?
?
?
?』
/
??
》
、
?
「
?
??一
248163264
0【LUT1。麗 f㎞ASUP{臓EClPRoc^L,
Fig.4-5.EffectofKBAmAbontheproductionofIL-2.C57BL/6mousespleencells(5
x10『1ml)wereculturedwith5陪/mlofConAinthepresence(●)orabsen㏄(O)ofKBA
mAb(20μg/m1)fbr20h.Afterincubation,Iheculturesupern曲nts(ConA-sup)were
harvestedandtheifIL-2activity-wasmeas町edusingT572cellsasdescribedunder
MaterialsandMethods.TheIL-2activityofConA-supwith20㎎加lofKBAmAb
addedwasalsode重ermined(△).
observation),inT-ceUactiva{ion,IinvestigatedtheeffectofKBAmAbonvariousimmuneresponses
anddemonstratedthefollowingresults:1)KBAmAbcanblockT-cellrespOnsestoConA,classI,
andclassII,bu吐nottoPHA(Fig.4-1);2)LAA,definedbyKBAmAb,playsanimportantrolein
T-cellactivationattheearlystages(Fig.4-2);3)ConA-induced,butnotPHA-induced,IL-2
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reccptoracquisitionisblockedbyKBAmAb(Fig.4-3);4)1L-2productionofConA-activated
spleencellsisinhibitedbyKBA皿Ab(Fig.4-4andTable4-2);5)Theactionof1L-20naT-cell
lineisnotinhibitedbyKBAmAb(Fig,4-5andTable4-1).
ThepreciseroleofLAAepitopesofLFA-1moleculcsremainsunclear.Howcver,recent
resultsindicatethatLFA-lmo】eculesareessentialforcell-cellcontactoflymphocytes(56).
Therefore,blockingofT-TorT-MφinteractionbyKBAmAbmaybeamajorcauseofthe
reductionofT-ceUresponsestoavarietyofantigens.Interestingly,T-cellresponseIoPHAisnot
inhibitedbyKBAmAb.ThisresultindicatesthatmouseT-ce11activationmightbecomposedoftWo
distinCtactivationpathwaysinassociationwithLAAmo】㏄uledependency.
Iamcur爬ntlyinvestigatingthebiochemicalandfUnctionaldifferencebetweenLAAepitopes
definedbyKBAmAbandtheLFA-1epitopesrecognizedbyM17/4mAb.
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V.ImmuneDeficiencyoftheCTSMouse:
Response
Deficiencyof血」 TCell-MεdiatedImmune
INTRODUCTION
ThecataractShionogi((TS)mousewasoriginallyderivedfromo田b祀dICRmice .Starting
fromonemousewithcataractandsmalleyesfbundinaclosedcolonyofICRmice ,aninbred㎝
strainwasestablishedatShionogiAburahiLabomtories(57,58).Inviewofclinicaltrendthat
cataractsareoftenobservedhldiabeticpatients,榊osublineshavebeenseparatedduringthecourse
ofbreedingofthe(nSmousewilhmonitoringbloodglucoselevels,onebeingthenon-obesediabetic
(NoD)strainandtheotherthenon-obese-nondiabetic(NoN)strain。TheNoDmousehaswidely
beenusedasagoodmodelofhumantypeldiabetesmelli亡us.Thismousespontaneouslydevelops
insulitis,andinsuhn-depeIlden重diabetesmellitus.Approximately80%ofthefemalesand20%of
themalesdevelopovertdiabetesby30weeksofage(59).BreedingstudiesbyMakinoetal.(60)and
others(61)haveelucidatedthatatleasttWoautosomalrecessivegenesdetermineIhediabetessuscep-
Iibi】ity,onebeinglinkedtomajorhistocompatibilitycomplex(MHC)Φa丘icularlytoclassIIMHC)
onchromosome17(62,63)andtheotherbeingloca亡edonchromosome9(64).R㏄entinvestigation
suggeststhatCTSandNONstrainscanyoneofthese童wogenes.TheCTSmousehasthesame
uniqueclassIIMHCas亡hatoftheNODmousewhichcanbecharacterizedbythepresenceofthe
peculiarトAβandtheabsenceofI-E,thoughdiffcrentintheKandDregionsofclassIMHC(65),
Therefbrc,重heCTSmouseverylikelyposscsseslheclass1トcorrelateddiabeticgene.Ontheother
hand,breedingstudiesincrossesofNODwlthNONmicerevealedthaUhedevelopmentofinsulitis
isregulatedbyasinglerecessivegenc(66,67)incontrastwlththetwo-generegulationincrossesof
NODwithC57BL/6Jmice(60).B㏄ausctheMHChaplotypeoftheNONmouse(H-2Kbl-A(t「 。n)Dl)
isdiffcrentfromlhatoftheNODmouse(H-2Kgl-A(叩d)D『)(65),ltislikelythatthediabetogenicgenc
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whichthcNONmousecarricsistheMHC-non-linkedone .亘nvicwefthescfindings,analysisofthc
biologicalcharactcristicsof(コ3andNONstrainsmightcontributesomcIhingtogainaninsightinto
thepathogenicmcchanismoftheNODmousc.Inaddi重iGn ,thcbiologicalchamcterizationof重hesc
strainsmightshowuptheirownusefulnessfbrtheresearchintheotherfieldthanthediabeIes,
independentlyoftheNODmouse.1nthemeantime,withanaimofascertainingthatcachstrainis
geneticallyuniformandindependenttoeachother,lperfbmledrcciprocalskingra負testsamongthe
NOD,CrTSandNONstrains,andfbundthattheCTSmouscfailcdtorejectthegraf1fromtheNOD
mouseincontrastwiththeI'eJ'ectionoftheCrSgraftintheNODmouse(67) .Thiswasan
unexpectedresult,becausethesetwostrainsarediffere耐inbothH-2KandH-2Dregions:theH-2K
mol㏄ulesoftheCTSmousearecapableofreadingwithanti-H-2Kとaswellasan重i-H-2Kd
monoclonalantibodiesandlheH-2Dmoleculesincapableofrcactingwithanyoncof吐heanti-H-
2Db,anti-H-2Dd,anti-H-2Dkandant卜H-2Dqmonoclonaiantibodies(65).Thef白ilureof重heCrS
mouse霊or〔)jecttheNODmouseskingraftirrespcctiveofthedifferenceinclassIMHCsuggeststhat
重heσrSmouseisimpairedinimmuneresponsiveness.
OnsuchabackgroundJstudiedtheimmuneresponscsintheCrSmouse.Thepresentstudy
isconcemedwithseveral血 Ωimmuneresponscsand月owcytomctricanalysisofthelymphocyte
popula重ionsinthcsplecn,
RESULTS
R-Table5-1summarlzesthe
respOnsivenessofsp]enocytesf士omthcCrS,NOD,NON,andcontrolmicetoTandBcellmitogens.
Thcpro1亘ferativcrespOnsesofsplenocytcsfromNODandNONmicctovariousmitogenswerenearly
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Table5-1
Mitogenresponseofspl㏄"ccllso『`heCrSandcontrolmice
Mitogen
Dose
{國mD
3H-TdRinco叩oration(cpm)
NON NOD CTS C3HIHe C57BI/6
ConA
PHA
Lps
None
?
?
?
?
?
?
」?
?
?
?
?
?
100691±(;882■
(225)
"862土4719
(10.0)
19533=2207
(4。4)
13956±2335
(3.1)
62489±5914
(14.0)
63594霊1404
(142)
4476=135
93556士3570
(2α6)
76133含1777
(16.8)
28414±1473
{6.3)
182302=436
(4.0)
53327三=3450
(1L8}
5756{5忠1Z59
(12.7)
4533ま148
15447±651
(9.1)
5400主203
(3.2)
4107圭332
{2.4)
2540t87
(1.5)
48・411士810
(28.4)
50314±3041
(295)
1703圭111
87062士12205
(21,1)
70915忠2713
(17.2)
35065土17532
(85)
17399士6565
(4.2)
49993重24997
α2.1)
57859よ1291
(14.o)
4123主26{5
765(D3コ=22338
(29.3)
78960士8366
(33.7)
26815忠15012
(10.5)
39390ユ639
(15.1)
73063忠6314
(28,0)
50703圭2579
{19.4)
2612±183
Spl㏄ncel豊swereculturedw虻hConんPHAorI』}S「br48hat37。C
pulsedwithI3H】TdRfbr4h.
a)Mea"±SEo『tripticatesamp【es
(Stimulationindex)
Afterc"コture,thecel聖sw¢re
thcsameasthoseofsplenocytesfromC3HIHeandC57BL/6mice.Incontrast,thesplenocytesfrom
theCrSmicewcfeverylowinrcsp()nsivenesstoTcellmitogcnssuchasConAandPHAbutnot
totheBcellmitogen,LPS.
R-1nmixed-1ymphocytecultureassays(rable
5-2),C3HIHesplenocy亡esproliferatcdwhencoculturedwilhsplenocy1esoftheNODor(コ「Smice.
Howcvcr,thesplcnocytcsof電heCrSmicedidnotproliferateingeneral,whencoculturedwith
splenocytesofvariousstrains.WithNODsplenocytes,thefailureofprolifcrativeresponsewas
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T3ble5-2
Mixed[ymphoc)'tereaCtionofthespleniclymph㏄yIeso『CTSand吐heo吐hermice
iH-TdRincorporation(cpm}
Responder Stimulator
1:1畠 2:1 4:1 一
Expt.l
CTSNOD18561±117gb17042±102712457±14078921±235
(2」)(1-9)(L4)
(3H/He21892±99221055±256518441±1384
(25)(2.4)(2.1)
NO1【)CTS30684±182028089±316414701±47323665土160
(13)(L2}(0.6)
C3H!He62137±698288280±432180212±2335
(2.6)(3.7)(3.4)
C3H/HeCTS24825±202222287±605310716土31923720±1426
(6.7)(6。0)(2.9)
NOD49993±403440934±784118745±3145
(13.4)(ILO)(5.0)
一 ■ 一 一 一 ■ 一 一 一 一 一 一 一 一 一 一 一 一 一 層 一 一 ■ 一 ■ 一 一 一 一 ■ 一 一 一 一 一 一 一 一 一 一 一 印 瞥 一 一 一 一 一 ■ 一 邑 一 櫓 一 一 一 一 一 一 一 一 一 一 一 一_一_______一________
Expt。2
CTSCBA/NlO945±93614333±30859759土120814792±986
(0.7)(1.0)(0.7)
C3H/He14144±102614890±263411192±499
(1.0}(1.0)(0.8)
C57BL/620701±129516381±243819617±2193
{1.4)(1.1)(121)
DS20722±196915384±154014487±1632
(L4)(1.0)α.0)
C3H/HeC57BL/646667士686130565±76819600±19688936土419
(5.2)(3.4){2.2〕
Respo"derspleencellswerec㏄ul吐uredwi吐hMMC-treateds吐imulatorspteencells『or96
h,andpulsedwiIh【3HITdRar吐erreplacing1heculturemediumwi出fセeshmedium.
a)Responder-Io--stimulatorra亡io
b)Mean±SEof吐 巾 匡ica吐esamptes
(S吐imula吐ionlndex)
observedonlywhentheywerccoculturcdwi藍hsplcnocytcsoftheCrSmice.買nprimarymixcd
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Table5-3
CTLgenerati{mfi層omthespleniciymph㏄ytesoftheCTS,NODandC3HIHemice
Percentcytotoxicity
Responder Stimutator
50=1置 25:1 12.5=1
CTS
NOD
C3HIHe
NOD
C3HIHe
CTS
NOD
C3H/He
CTS
C3H/He
CTS
1.1±0.6b
16」 ±0.5
1.1圭0.8
1.1±05
59.0±2.0
55,8±L2
7.7±1.1
66.9±2.9
0.0±0.0
10。5±LO
醗
M
40.7±53
4L6±2.4
NT
69.9±1.9
0.0±0.0
5.8±0.8
M
M
29.9±L6
3L7±5。6
NT
62・2±5.6
Responderspleence1置s(5x106/ml)we【℃coculturedwithMMC--tl℃ated
stimulatorspleencells(2.5xlO6/ml)f()r96hat370C.Cytotoxicactivityofthespleen
cellswasmeasuredasdescribedunderMatedalsandMethods.
a)E酊 をctor-to-targetce"ratio
b)Mean±SDoftripiicatesamples
c)Nottested
Iymphocy亡eculture,thcgcnerationofa「LfromthesplenocytesoftheCTSmousewaslessthanthat
fromthcsplcnocytcsofthecontrolstrains(Tablc5-3).Thesercsultssuggestthatthe(nSmouseis
deficientinTlymphocytes.
H-.Asthe爬s剛sivenesstoTcellmiIogens
inthe(コ「Smouscwaslowerthanthalinthccon電rolstrains,Incx重sωdiedtheproductionofIL-2by
ConA-stimulatedsplenocytesofthc(汀Smouse.TheIL-2actjvitywasdeterminedusingthcIL-2一
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Fig.5-1.ProductionofIL2byConA-s吐imula吐edlymph㏄ytesof山eCrSando吐hermice
atlOweeksofage.Sp1㏄noells(2.5x10『〆m1)wereculturedwith5㎎1㎞lof(コonAfor
20h.Then,止ecu1匡uresupema1antswereharvestedandtheirIL2activitywasassayed
using(=rLL-2㏄11s,asdescribed血Ma吐edalsandMethods.
dependentT㏄11cloneCrLL-2.TheIL-2activityofConA-supfromreferencestrainswasvcry
high,rangingfrom30to70units/mLHowevef,ConA-supobtainedfどomCTSmousesplenocytes
hadmuchlowerIL-2activity,7units/m1(Fig.5-1).
皿 二2」 一.InextexaminedtheConA-inducedacquisition
ofIL-2receptorsonσ 【Smgusesplenocytesbymcansof虻wome監hods.Onewasthedevelopment
ofTcellproliferationinresponsetoIL-2aftershort-timepulsingwithConA,andtheothcrwasflow
cytometricanalysisusinganti-1レ2rcceptormonoclonalantibody,3C7(68).Inthefirstmethod,
mousespleencellswereculturedwithorwithoutConAfbr8hat370Candpassedthroughnylon
woolcolumnstoenrichTccllsa負erce11-boundConAhadbeenrcmovedbywashingwi出0.1ルfα 一
methy1-D-mannoside.Thcn重hcrespons{vcncssofTccllstor-IL-2(2000rlOOJU/ml)was
measured.AsshowninFigure5-2,ccllsprcincubatedwithouIConAshowednosigniflcant【3H】TdR
incorpofationregardlcssofthepresenceorabsenceofr-IL-2.Incontrast,whcnpretreatedwithCon
A,strongproliferativeresponseswcrcobscrvcdintheprcsenceofr-IL-2butnotintheabscnceof
卜IL-2asfarasthesplenocytesofC3HfHeandNODmiccwereconcemed.Thescdataindicatcdthat
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Fig.5-2.AcquisitionofIL2receptorsbyshort-timeConA-stimulatedlymphocytesofthe
㎝,NODandC3HIHemicc.SpleenceUs(25x1061ml)wcrestimulatedwitherwithout
ConA(5μg/血1)for8h、Afterwashingwithα一methy1-D-mamosidetoremovecellbound
(bnA,thecellsvverepassedthroughnylonwoolcolumnsandthesecells(5x105/0.2
rnl/well)wereculturedwithr-IL2(200JU/ml,1・説・…'諸;100∫Ulml,懸§;OJUlml,[=〕)
for32h.Then,thecellswerepulsedwith[3H]TdRfor4h.
an8-hConApulsewassufficienttoinducelL-2receptorsonTcells.InthecaseoftheCIS
mouse,however,evenifthe㏄llswerepretreatedwithConA,theyacquircdonlyslightIL-2
responsiveness,ifany,indicatinglittleexpressionofIL-2receptors.S㏄ond,bymeansofIheflow
cytometricanalysisofConA-stimulatedspleencells,itwasshownthatthepercentagesof3C7-posi-
tivecellsinthe(■『Smiceweremuchlowerthanthosein星hecontrolstrains(Fig.5-3).Thus,both
theproductionofIL-2andthepercentageofIL-2receptor-expressingTcellswercgrea吐1ydecreased
intheCrSmicethaninthecontrolstrains,whichcouldexplaintheverylowresponsivencssofthe
CrSsplenocytestoTcellmitogens.
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Fig5-3.ExpressionofIL2receptorsonConA-stimulatedlymphocytesof重heCTSand
・th・mice・丘 ・・pleencell・(25・10`/ml)・fNOD(a,・),CTSfO,D,(コH/1{・(・,9)and
C57B正ノ6(d,h)micewerecul加redwith(e-h)orwithout(a-d)51ng/miofConAfbr24
h.Afiercul加re,the㏄11swereharvestedandincubatedwith(solid]ines)orwithout(dottcd
Iines)10㎎1mlofFrrC-labeled3C7monoclonalantibodya吐4℃.After30min,cellswere
重henwashedthreetimesandanalyzedfbrflロorescenceonaFACS440andaα)nsort30
system(BectonDickinson).
一 一1examinedthestraindifferenceinNKactivityinmice
usingspleencellsfromvariousstrainsC『able5-4).Theper㏄ntNKactivitywashighestinC3H/He
andNONmice,fbllowedbythe(コ「Smice・Theper㏄ntNKactivityofBALB/candC57BU6mice
waslowerthanthatofC3H/Hemice.NoNKactivitywasfoundwithNODmice.
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Table5-4
StraindistributionsofNKacti▼晦in1hespleens
NKactivity
Mouse
%・fcyt・t・xicityb LyticUnkSz,!loic
C3HIHe
C57BLI6
BALBIc
NODIShi
(TSIShi
NON/Shi
25.7±0.8
102±0.1
6.4圭0.1
1.9±0.6
14.0±0.7
27.5±1.1
143±0.2
0。9土0.1
0.2±0.1
<0.1
2.6±1.4
14.5±1。6
?
?
?
Va艮uesr叩resentthemeans±SDofthreemice。
E!Tratio,100!1
0nelyticunitwasdefinedasthe皿umberofeffectorcellsrequiredtocause25%
置ysisoflxIO4YAC-1targetcells.
POP"lati・P5i・・p】eencellswc「c。ompa「edinth・C「S・NOD・NONand・th・rst・・i・
cytometry.Frequencyofeachphenotypeoflymphocytes,exprcssedasthepercentageofthecells
reactingwithagivenantibody,isshowninTable5-5.WhileThy1.2antigenisexpressedenTcells
ofNODmice,Thy1.1antigenwasfoundintheCrSandNONmice.The(mSmiceshowed
significantlylowerproportionsofThy1.1+,Lyt1+(panTcells),L3T4+(helper/indu㏄τTcells),and
Lyt2"(suppressor/cytetoxicT㏄11s)cellsthanthecontrolstrains.ThedeficiencyofLyt2+Tcells
w■,sparticularlyconspicuous,andaccordingly,there】ative】yhighratioofL3T4/Lyt2inthisstrain
wasobserved.DecreaseinLyt2+㏄llswasalsoobservedinNONmice,althoughtoalesserextent
thaninthe(コ「Sstrain.
Lymphocytesub-
usingflow
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Table5-5
Comparisono『subse1sofspleniclymphocy吐esofCTSandtheolhermice
Surface
markers
%ofposi吐i▼ecells8
NON NOD CTS C57BU6 C3HIHe AKR
Thy1.l
Thy1.2
Lyt-1
L3T4
Lyt-2
slg
asia置oGMi
Mac-1
26ま3b
O±0
32士6
20圭1
5ま1
62±2
9±3
10±2
0圭0
61士5
67圭8
41±3
20±3
30士6
4±1
4±1
9±4
0ま0
11±2
8±1
3士1
72±2
7圭1
7±2
0±0
50士4
52士5
24士2
19士1
42圭5
7圭2
7±1
0士0
33±7
38士10
19士3
12士3
49±5
9士2
9±1
42ま3
0土0
52士6
30±2
14±1
48士4
8重1
6±1
L3T4/Lyt2
ratio
43 2.1 3.2 13 1.6 2.2
Number 3 3 4 4 4 3
a)Thepercen吐agesofsurfacemarkerl}ositivecel置sweredeterminedusingFACS440
andConsort30systems.
b)ValuesrepresentIhemeanandSDfor吐heabo▼edbscribed皿umberofmice.
Bascdontheabove-describedresuhs,】sp㏄ulatedthatthedeclineinthenumberofTcellsis
rcsponsiblefbrthcdecreasedTcellactivityintheCTSmouse.Totestthisspecula`ion,Istudied
whetherthemitogenresponseoftheσ【SmousccouldberestoredbytheenrichmentofTcells.The
responsivenesstoPHArecoveredtothe畳cvelsofC3HIHeandC57B】[ノ6mice,whensplenicTcells
ofthe(=π「Smousewereenrichedbypassingthroughthenylonwoolcolumn.Ontheotherhand,the
rcsponsiveness重oConAoftheCTSmouscwasnotrccoveredto重hesameextentasthe
rcsponsivenesstoPHAbytheenrichmentofT㏄11s,虻houghthcConAイesponsivenessoftheTcel]-
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o 5
cpmxIO'4
1015 20 25
Fig.5-4.MitogenrespOnsesof(;TSTcellspassedthr。ughnylonwoolcolu㎜s.The
spleencells丘omtheCTS,C3H!HeandC57BI/6micewerepassedthroughnylonwool
colu㎜s.Whole(懸)ornylon-passed(17…1… …・……::1…………・)ce11s(5xIO5/O.2ml/well)werecultured
witheitherConA(5μg/m1)orPH[A(8μg/m1)fbr48h.Afterculture,thecellswerepulsed
with[3H】TdRfbr4h.
enrichedsplenocyteswashigherthanthatoftheoriginalwholesplenocytesuspension(Fig.5-4).In
addition,Tce11-sortingwasperformedtoassessthe血nctionofthepurifiedTcellsoftheCTSmouse、
Afterthesplee亘㏄11softhe(:TSmousepassedthroughthenylonwoolcolumn,the㏄11swereco-
stainedwithFn℃-anti-Lyt1,FrTC-anti-Lyt2,andFrrC-anti-L3T4mAbandthensortedoutunder
sterileconditionsusingtheFACS440・Eachsuspensienrepresented95%ofthepositivesortedcells.
TheresponsivenesstoPHAofFACS-isolated(TSTcellsincreased¢onear】ythesamelevelofthe
wholesplenocyteofC3HIHemouse(Fig.5-5).Therefbre,thereducedTccllactivityoftheCTS
splenocytesdoesnotseemtobeduetothedysfunctionofindividualTcellsbuttothedeclineinT
㏄11nロmber.
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寒含£ま、
MiceF,o凶1ation
CTSUnsorted
(十》sor量ed
(一)sorted
C3H
ξ島?島
cpm翼10-3
一
Fig・5-5・PHA・e・卿 ・e・fFACS-i・1・t・dCrS・pleenTceU・.Aft・dhe・pleencel1,。f
止・C「Smiceh・d甲ssed出m・ghth・ yl・nw・1・ 1・m・,th・yw・ec・一、tain,dwithFrrC-
antトLyt-1・一 ・ti-Lyt-2and-・nti-L3T4m・n・d・n舳tib。dies..Lyt-1+,Lyt-2・,L3T4.
翻 総t孟;'謡轟 講F1君謡,灘 灘 牒 糖 、鐸1寒・譜;鐙
鯉懸'4鼎:職 膿1留瓢ll、Xp撒鼎 器 鷺・1・ldwithPHA(8
DISCUSSION
Th・p・e・ent・esult・d・m・n・t・th・tCr'TSm・usespleencell・a・em・rk・dly・ed・c・di・a…i・ty
・f血 」血QTce1]・e・p…c・ ・lh・p・ ・life・ati…espO・s・・t・Tcellmit・9・n・and・11・・ntig・n・a・every
meager,ifanyexists,andtheproductionofIL-2and夏L-2receptorsarealsogreatlydiminished.
Becau・eT㏄11-・ ・「i・h・d・plee・㏄ll・ ・e・PO・d・dmm・11yt・PHA ,th・rcducti・i・T・ ・11・cti・ity
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scemsprimarilytodependonthedecreaseinthenumberofT㏄11sandnotonthedysfunctionof
individualTcells.Thisspecu】alionwassupportedbytheflowcytometryofspleencells,which
revealedthatTcells,particu]arlyLyt2+Tcells,areg=eatlyreducedinnumber.However,restoration
oftheConAresponsebyTcellenrichmentwasonlyparIia1,incomparisonwiththefUllrestoration
ofPHA】response.Therefbre,dysf岨ctionofTce1]scouldnotbeneglec重edas」farasConA】respOnse
isconcemed.AlthoughdecreaseinLyt2+T㏄11swasalsoobservedwiththeNON皿ouse
splenocytes,noabnormalitywasseenwithregardtothemitogenIesponses.Thisseemstobedueto
theexis重en㏄ofthenomlallevelofL3T4+Tcells.
OurpresentexaminationrevealedthattheNODmousewasnotT-lymphocytopenic.Thisis
inconflictwithanearlieHeportbyKataokaetal.(69).However,T-1ymphocytopeniadoesnotseem
tobethecasewiththeordinaryNODmouse,becausetheirownre-examinationstudy(70)anda
fluorescentmicroscopicstudybyothers(71)didnotconfimitThisdisagreementwithregardtothe
NODmousemaybeattributedtothedifferenceinthemousecoloniesused=T㏄11deficiencywas
proposedwithapeculiarcolonyinwhichthecumulativeincidenceofspontaneousdiabetesaround
30weeksofagewaslessthan20%eveninthefemales.Incontrast,Toelldeficiencyisdefinitein
theCTSmouse.Someresearchershavedemonstratedthatviraland/orbacterialinfectionscause
impairmentofTcellactivity(72),Inourcase,thispO…rsibilitycouldberuledout,becausethe(コS
micehadbeenkeptunderasp㏄ificpathogen-freeconditionunti1止espleen㏄11harvest.Acoording
toourpreliminarystudy,aprofounddecreaseinTceHswasalsoobservedinperipheralbloodandin
theIymphnodcs,butmuchmorematureTcells,i.e.,L3T4-singlepOsitivecells,werelocatedinthe
thymusmcdullaoftheC13micethanofthereferencestrains.Takentogether,migrationofmature
T㏄ 】1sf虻omthymustoperipherallymphoidtissueappearstobeimpairedintheCTSmouse.
Straindiff¢rencewasalsoobviouslnNKactivity.TheNONmousedisplayedhighNK
activitycomparablewiththatoftheC3HIHemousewhichis㎞ownasanNK-highresp()nder.The
CrSmousehadmoderatedegreeofN'KactivitybultheNODmousedidnotshowsignificantactivity.
BecauseflowCytometricanalyslsdemonstratedthatthepcr㏄ntagesofasialoGMi◇㏄llsdidnotvary
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verymuchamongtheselhreestrains,thediffcrencecouldbeduetothatinthefUnction・Ahhough
lhe血_血roleofNK㏄11sisnotsodefinite,β 一cellki田ngisproposedintheBBrat(73,74)and
NODmouse(71).However,thepresentrcsultssuggestthatthisisnotthecaseatleastwi吐htheNOD
mouse.
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VI.ImmuneDeficiencyofCTSMouse=Impaired血L血TCell-MediatedImmuneResponse
INTRODuenON
Non-obesediabetic(NOD)micehavebeenestablishedatShionogiAburahiL』bo〔atoriesfrom
anoutbredcolonyofJcl:1CRmiceasananimalmodelfbrhumantypeIdiabetesmellitus.Several
strainssuchasCTS(cataractShionogi)andNON(non-obesenon-diabetic)micehavebeenisolated
assisterstrainsofNODmice.Detaileddescriptionoftheirmutualrelationshipisgivenclsewhere
(59).Ourgeneticalanalysisofthepathogenesisofdiabetes量nNODmicerevealedthattworecessive
genesareresponsibleforthedcvelopmentofinsulitis(60),oneofwhichisassociatedwiththeMHC
(particularlyclassII)genecomplex(62,63).RecentlyclassIIgenesofthe(汀Smi㏄havebeen
showntobeidenticalwiththoseoftheNODmouse(65,75),andtherefore,itiseasilyunderstoodthat
th・CTSmicecarTyth・MHC-・ss・ ・i・t・dg・…fNODmice(67)・0・th・ ・th・hand・9・netical・1・dy
usingF1,F2andbackcrossoffspringbetWeentheNODandNONstrainssuggeststhatthesetwostmins
sharealleleoftheMHC-non-ass㏄iatedgene(67).Inviewofthesefindings,itwouldbeofsome
・・1・et・・t・dyth・bi・1・gica1・ySpe・i・11yimm…1・gica1・・h・m・t・i・ti…fth・ ㎝ ・ndNON・tmi…
sincesuchastudymightprovideaninsightintoIhepathogenicm㏄hanismofdiabetesintheNOD
mouse.Mystudyalongthislineelucidatcd,asdescribedinChapterV,thaItheCTSmiceareT-
1ymphocytopenicanddisplaymarkedimpaimlentof血血Tcel1-mediatedimmuneresponsessuch
asproliferationofspleniclymphocytesuponstimulationwithCollA,PHAoralloantigens,and
productionofIL-2andIL-21eceptorsaftcrConA-stimulation.ToobtainfurthcrevidenceofTcell
deficiencyinthe(nSmouse,thepresentstudydealswiththe血immuneresponsestothymus-
dependentand-independentantigens.
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RESULTS
Table6-1
Primaryantibodyresponsetoahighdose(108)ofSRBC
Antibodypositi▼itya(meantiter±SD)b
Strain(Sex)
TotalαgM) 2ME-resist.(lgG)
crs(F)
CTS(M)
NOD(F)
NOD(M)
NON(F)
C3HIHe(F)
DS(F)
BDF1(F)
6!6(25」重o・?)'
717(26細5)'
3β(2乳2ま05)
5/5(2脳 含o』)
717(29・7'15)
313(210」糞o'『)
313(210・7±帖)
818(2&1」=〔L4)
1/6(25
4!7(20皇o).
3/3(26」嚢03)
5/5(25』皇Lo)
7/7(26`7まoう
3/3(2乱7ま住う
3/3(27・3ま05)
8/8(27・6'o・4)
a)Numberoftheantibody-positi▼esera/numberofseratested.
b)GeomeIricmeantiteroftheantibody-positi▼esera
ホ)Significant匿ylower(p《0.001)comparedwithtlieantibodytiterofeach
referencestrain
Table6-1showstheserumantibodytitersoneweekafteran
intravenousinjectionof108SRBC.ProductionofIgMantibody,expressedintemsofthetotal
antibodytiters,wasobservedinCTSmice,aswellasintherefcrencesI面ns.However,theantibody
titersweresigllificantlylower(p<0.001)inCTSmiccthanintheothers.ProductionofIgGantibody
(2-ME-resistanttiter)wasmarginal,ifany,in(nSmice,althoughitwasdcfiniteinalltheothcr
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Table6-2
Primaryandsecondaryantibodymsponses重oa匿owdose(1(戸)ofSRBC
Antibodypositi▼ity魯(nloan吐iter±SD)b
Inlmune爬sponse Strain(Sex)
TotalαgM) 2ME-resisL(lgG)
Primary
Secondary
CTS(F)
CTS(M)
NOI)(F)
NON(F)
CTS(F)
crs(M)
NOD(F)
NON(F)
0!6
0/5
414(265唐oう
515(27』t[2)
6/6(2`7虚1・1).
616(263含1・『)・
5/5(2102'o・7)
10110(210暉2童【L7)
0!6
015
0/4
315(2&7tILう
016
0!6
515(2`4tO-5)
10/10(27鴻まo'9)
a)Numberoftheantibody-positi▼esera/numberofseratested.
b)Geometricmeantiteroftheantibody-positi▼esera
串;Significantdecrease(P<0.001)comparedwi吐htheantibodytiterofeach
referencestrain
referencestrains.Thus,thedifferencewasmorestrikingwiththeIgGresponse重hanwi書hthelgM
response.Similarresultswcreobtaincdinthecaseoftheprimaryandsecondaryresponsestoalow
dose(105)SRBC(Table6-2).MarkeddifferencewasobservedbetWeen(nSanditstwosister
strains,i.e。,NODandNON,thedifferencebeingpartioularlyobviouswithregardtotheIgM(tota1)
titeratthepfimaryresponseandtheIgG(2-ME-resistant)titeratthesecondaryresponse.
An血 一 △Asdemonstra童edinTab】e6-3,bothIgEandlgGianti-BSA
antibodieswereproducedathighincidenceinallthereferencestrainsone電othreeweeksafter重he
immunizationwithBSAplusBp.,ahhoughsomewhatinDSmice.Incontrast,productionofthe
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Table6-3
AntibOdyresponse10asingleil噸ectionofBSApIusBp
夏mmunizi皿9
period
Strain Sex
AntibOdypOsitiyitya(meantiter±SD)b
IgE 1gG且
1week CTS
Non
NON
CsMU6
BALB/c
C3HIHe
I)S
BDF1
?
?
?
?
?
?
?
?
?
?
一 一 輯 一 一 一 騨 一■層 一 一一-■一 一 ■■一 ■ ■i■一 一一一一 一 一 一 一 一 一 ■一 一 一_一_
2week8 CTSF
M
NODF
M
NONF
M
C57BL16
BALBlc
C3H/He
DS
BDFl
CTS
BALBlc
DS
BI}F豊
?
?
?
?
?
0!5〔}/5
01151!15(2.う
14115(23「6魯05)717(24731』)
515(2"tSb515(2s川h
515(21唱β虚Lo)515(22』 重.」)
717(2412・う1戸7(22う
515(23』含●」)515(2"205)
10110(23」2●5)9110(22』tO`4)
3110(20』tes)1!10(20』)
515(2`』塞05)515(2"205)
一「一一 一 ■圏一 願 ■ロー ■一 一 一 一 一 一 一 一一 一 一 一 一 ■囲一 一 一一膠層 一 一 一 一 働巨_
1!14(20」b
O!7
919(24ユ30」)
粥(23220う
919(2ex)±e.7)
3rs(21川 う
6!6(243'es)
5/5(2仙塗0う
4!5(23』tILO)
as(2es'e5)
6/6(2"重M〕
一 一 一 一 一 一 一 騨 鴨 一 一 一 一 一 一 一 騨 騨 一 ■ 一 一 一 一 一 一 一 一 一 一 一 一 一 一 一 一一 一 一 一 一 一 一 一 一 一 一 一 一 一 一 一 一 一 一 ■一 一 騨 一 旧 一__一 一 一_______一_一
13!14(2望』奮IA)・
717(233't・5'
919(29ユ含・5)
σ6(29制 う
919(2訓dう
3/3(2`7重oう
6!6(2ss重13)
5!5(24』禽.』)
515(2"潮)
8!8(23・,含O」)
6!6(2`川 」)
3weeks ?
?
?
?
0!5
616(242重。・9)
415(2L7霊M)
5!5(29」重es)
515(24』重o』).
α6(28』重.う
515(25』:e・9)
5/5(2's'。う
a)NumberoftheantibOd.v-posiIivesera!皿umbero「seratested.
b)GeemetlicmeanantibOdytitersoflheantibOdy-positivesera
噛;Si即ificantdirrerence(p《0.001)comparedwi丘h1hea"重ibOdyliIerof出ereference
strainsexceptforI)Smouse
antibodieswasverymcagcrin(■「Smice=onlyaIowtitcroflgG
IantibOdywasdctectcdattWoto
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th・eeweek・・fimmuni・・ti・nandmlgE・ntib・dyw・ ・f・・nd虻h…gh・ ・tth・t・・tpe・i・d・pt・th・ec
weeks,exceptfbronemouscdisplayedminimumactivity.
Table6-4
PrOductionofacti▼esystenlicanaphy置axistoBSA
Incidenceoflethalshockat
Strain Sex
1week 2weekS
CTS
NOD
C57BU6
BALB!c
C3H!He
DS
BDFl
?
?
?
?
?
?
?
?
14115
7110
12/14
0/12
9/10
11/11
1110
11/12
15/15
12/12
12/15
6/6
12/20
10/10
11/11
9/9
1三一Inspiteofthepoorproductionofcirculatoryanti-
BSAantibodies,lethalactiveanaphylacticshockwasproducedinalmosta11theCrSmice,aswell
asintheothers重rainsC「able6-4).Itshouldbenoticedthatle重halshockwasprovokedinmostCrS
mlceoneweekaftertheimmunizinginjection,eventhoughneitherIgEorIgGIa面bodywasdetected
intheirsera.Thisstandsincontrastwiththefindi口gthatnoshocksymptomswereobservedatone
weekofimmunizationinC57B]L/6JmicecarryingserumIgEantibody.
Sh皿血血 血Ω皿・TosupPorttheresulttha目ethalshockwaseasilyprovokedinCTSmice
irrespectiveoftheimpai祀dproductionofcirculatinghomocytotropicantibodies,Shultz-Dalereac〔ion
wastestcdusinguterusmuscleob重ainedfromtheCTSmiceimmunizedwithBSAplusBpfortwo
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Table6-5
CorrelationbetweenactiveSchu置tZ-1)aleReactionandserumantibodytiters
Anima置No.
Schllltz-Dale
reaction
Serumantibodytiter
IgE IgG正
?
?
?
?
?
Positi▼e
Positi▼e
Positi▼e
Negative
Positi▼e
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
*;ND:No吐detected
八 八一 八一 卒
1 1
L L
BSA
Fig.6-1.Shultz-Dalereactionoftheuterusmusclepreparedfrom(;TSmousc#3sensitized
activelytoBSAfbr2weeks.
weeks.AsshowninTable6-5,Iheuterusfromfburoutoffivemicecontractedupontreatmentwith
theantigen.Fig.6-1illustratesthecontractionoftheuterusfどomtheanimal#3,whichdisplaycdno
IgEantibodyandonlyminimumIgGlantibodyactivity.
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Table6-6
DelayedtypeofhypersensitivitytoSRBC
Footpadswelling(xIO"2mm)
Strain(Sex)Immunogen n
28-hour 48-hour
crs㈹
CTS(M)
NOD(F)c
NON(F)
C57BL16(F)
BDF1(F)
SRBC
PBS
SR3C
PBS
SRBC
PBS
SRBC
PBS
SRBC
PBS
SRBC
PBS
??
??
??
?
??
?
??
?
?
?
?
?
49±17.2亀
23±10.1
(26)b
56±30.1
24土5.0
(32)
129±173
15±49
(114)
87±7.8
32±8.0
(55)
154圭26.4
20±7.9
(134)
131±17.8
19±5.9
(112)
21±13.0
5圭4.6
(16)
16±15.1
6±5.7
(10)
81±16.1
24±73
(57)
29±7.0
0±0
(29)
74±19.8
9±53
(65)
72±11.6
12±5.6
(60)
a)Mean±SD
h)Differencebetweenexpedmentandcontro量,i.e.,theincrementduetodelayed
typeofhypersensitivi吐y.
c)16weeksofage
1-AsdemonstratedinTable6-6,28-houτswelling
ofthefbotpadswasonIyslightinCISmice,whiledefiniteinthereferencestrains.Fortyeighthours
aftertheantigenchallellge,swcllingdiminishedinallIhestrainsIested,buロhedifferencebetween
(汀Sandreferencestminswasstillobservcd.
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Tab置e6-7
Skingraftrejection
Rejectiontime蓋ndays(mean±SD)fromdonors
Host
CTS NOD NON C3HIHe C57BU6
CTS
NOD
NON
C3HIHe
C57B】[ノ6
》31
(17)
18±3.7
(14)
13±2.6
(5)
10±0
(10)
12±43
(10)
》31
(15)
》31
(55)
19圭6.2
(20)
15±6.2
(4)
15士4.7
(9)
17±1.4
(6)
21圭1.6
(20)
》36
(43)
13±3.4
(15)
14±23
(5)
13±1.9
(10)
14±3.7
(11)
15±4.8
(13)
》31
(8)
20圭7.6
(3)
21±93
(10)
16±5.0
(9)
12±2.7
(8)
12圭2.7
(10)
>31
(10)
Numberofthenlicetestedindudingbothsexesgiveninparenthesis.
一R㏄ip【ocalskintransplantationwasperformedusingbothsexesof(那
andotherstrainsattheageof5weeks.AsshowninTable6-7,skingra負sfromdifferentstrains
werenotacceptedingenera1.Thetimefortherejectiondidno吐varyvcrymuchina11重heorder-
recipientcombinations.OIllyoneexceptionalcasewasthefai]u祀of(=rSmicetoreject重hegrafis
fromNODmicewithin31days.
An血 Ωdy』espOnsetQ-LJIS.Theaboveresultsindicatedthatjh血immuneresponsestoT-
dependentantigensaremarkedlyimpairedin(nSmice.Inco口trast,nearlythesamedcgreeof
antibodyresponsewasobservedagainst】ipopolysacchar董de(LPS)inCrSandotherstrainsaab】e6一
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Table6-8
An吐ibodyresponsetoLPS
An吐ibodypositiyity置(Mean吐iter±SI))b
Strain(Sex)Immunogen Bleedi皿9"me
To吐al(1gM) 2ME-resistant(lgG)
crs(F)
NO】)(F}
DS(F)
BALBIcnude(Fl
(rrs(F)
DS(F)
LPS
???
???
LPS
No皿e
None
Day4
Day7
Day14
1)ay4
1)ay4
Day7
1)ay4
D町7
Day14
414(2`・1±o・9)
414(25』±os)
5/5(26託■0-5)
6ド6(26」…t1ユ)
5!5(2`'2tO'7)
515(26制 瀞)
818(27sまos)
818(29ユse・7)
8!8(27』20.4)
2be
2be
414(23D'e・7)
414(25』to』)
5!5(25ユ含05)
016
4!5(21側 ・o)
5!5(2`2'e・4)
6/8(215■Lo)
8!8(24・o=1・o)
818(24・{[03)
NDd
ND'
a)Numbero『theantibOdy-positivesera/NumberofseraIes重ed
b)GeometricmeantiteroftheantibodJr-positivesera
c)T肚erof吐hepooledserumoffiyemice
のND=No吐de1ecIed
8).Dcfinitehemagglutinintiterswereobtainedwiththeantiseraofanystrainagainst
SRBCbutnotagainstuncoatedSRBC.
LPS-coatcd
DISCUSSION
InchapterV,IdemonstratedthatCTSmiceareT-1ymphocytopenicandthereforedeficicnt
inthe血 responsivenesstoTceHmitogens,suchasConAandPHA,butnottoaBce]1mitogen,
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LPS・Thepresentin_血rcsu]tsareconsistcntwiththesc血」血findings.TheantibodyrespOnses
toT-depcndcntparticulateandsolubleant{gcns,i・e・,SRBCandBSA,respcctivcly,weremarkedly
lower,but亡heresponsetoLPSwasesscntiallynormal.Delayedtypeofhypcrscnsitivitywasalso
impaired,andreJ'㏄tionoftheskingrafisfromNODmicewassignificantlydclayed.
Withregardtotheproductionofan霊i-SRBCantibodies,reductionwasmorestrikingwithlgG
responsethanwiththeIgMresponse.Usingthymectomizedandirradiatedmice,ithasbcen
demonstratedthattheccllsproducingIgGantibodytoSRBCarcmoredcpendentonthepresenceof
thymusthanthesetha書produceIgMantjbody(76)・ThisissupPortedbyourunpublisheddalathat
someamountofanti-SRBCIgM,butnotigG,antibodyisproducedbyBALB/cathymicnudemicc .
Inviewofthesefindings,themoreprofoundreductionofanti-SRBCIgGresponscthanofIgM
responseintheT㏄11-deficient㎝miceisnotunexpected・Similardeficientantibodyresponsewas
observedinCTSmiceagainstBSA.ThiswasthccasewithboththcIgGIandlgEresponses,
ThroughoutthetestPeriod,noIgEantibodywasde重ectedbyratPCA,exceptfbrinonemouse重hat
showedminimalIgEan吐ibodyactivity.Ancxtremelylow1gEresponseseemstobeprimarilydueto
thedeficiencyoftheIgEc】ass-specifichclperTcellsleading虻odiminishcdproductionofIL4,
althoughthepOssibilitythatlgE-producingBoellsarealsodecreasedcannotbenlledout.
Anunexpectedfindingconcemingtheanti-BSArespOnseisthatlethalanaphylacticshockwas
ea$ilyprovokedinCrSmiceirrespectiveofthepoorproductionofhomocytotropicantibodies.The
discrepancycouldbeexplainedassumingthatCTSmicearehighlysusceptibletotheeffeCtorphasc
ofactiveanaphylacticshock.Inthisstrajn,rclcaseofsmaIIamountofchemicalmediators丘ommast
㏄11ssensitizedwithminuteamountofantibodicsproducedwouIdbesufficienttokitlthem.Onthe
otherhand,C57BL/6JmicedidnotundcrgoIcthalshockoneweekafterthcimmunization,even
thoughtheyhadcirculatoryIgEan1ibody.Thusjtisdifficulttopredicttheoccurrenccofanaphylactic
shockinthemiceonthebasisofserumlgEandIgGIantibodyleveis.
Incontrastwiththemarkedrcdudionofantibodyresponse重oT-dcpcndentantigens,no
diffcrcnccwasobservedbetwecnCrSandotherstrainsintheantibodyproductiontoLPS.Inthe
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presentstudy,2-ME-resistantantibody重iterswcrcobse了vedonetotwoweeksaftcrthcimmunization,
thoughonlylow,ifany,titcrswereseenfourdaysafteτtheimmunization.SofarasIheavailable
infbmlationisconcemed(77,78),theantibodyelicitedbyasinglcdoseofLPSisexclusivelyofthe
lgMclass.However,becausethereisnoevidenceoftheoccurrcnceof2-MEイesistantlgM,the2-
ME-resistantanti-LPSantibodyobservedin重hepresentstudyseemstobeoftheIgGclass.Ifthis
isthecase,dassswitchfromIgMtoIgGcouldtakeplaceintheprimaryIesponseagainstLPS,as
wellasagainstT-dependenIantigens.ThepresentresultSdemonstratedthatnearly吐hesamedegree
oftheanti-LPSIgGresponsecouldoccurintheTcell-deficientCrSrniceasinthereferen㏄strains,
whichwouldconflic重with山eabovedescribedhighTcel1-dependencyoftheanti-SRBCIgG
rcsponse.ThereasonfbrthediscrepancyawaitstobeexplainedbyfUrtherstudies.
Cel1-mediatedimmunitywasalsodecreasedinCrSmice.ItiseasytounderstandthatDTH
toSRBCwasveryweakinthismousestrain.Sincethe㏄ll-media重edimmunitytoalowdoseof
SRBCisonlytransient(79,80),T㏄ 畏1-deficiencycouldexertagreatinf】uenceonit.Ontheother
hand,rejectionofallogeneicskinpieceswasnotaffeCtedin(コSmiceingeneral.ThisapPears10be
inconsistentwiththeresultsdescfibedinChapterVthat血」血[Qproliferativeresponsesandgeneration
ofklllerTccllstoalloantigenswereremarkablydiminishedwiththespleencellsofthisstrain.But,
thediscrepancycouldbeexplainedbytakingintoaccountthecontilluedantigenicstimulationinthe
in_血skintransplantationincontrasttoarelativelyshor1ternlco-culturcof重herespondingcells
withthes亡imulatorcellsinmixedlymphocytereaction.However,㎝micedidnotrejectthegrafts
f「omNODmice.Accordingtothesomeauthors(65,75),thesetwostrainshavetheverysimilar
MHC;bothhavethesameclassIIandsemiidenticalclassIK-end,thoughdifferentinclassID-end.
SuchasimilarityofMHCinadditiontotheTccl1-deficiencycouldbethecauseforthefaiIureor
delayoftherejection.InNODmice,whichrej㏄tedCTSskin,evenasmalldifferenceinclassI
MHCwouldbeenoughtoraisetheccll-mcdiatcdimmunity,bccausetheyhavenomallevelofTcell
fUnction.
Atpresent,itisunclearwhe重hcrTccil-deficiencyanddiminishedimmuneresponsescorrelate
56
withthedevelopmcntofcataracteyesin(mSmice.Itisalsounclearwhetherlhepresentfindings
withCrSmiceprovideanyinsightin吐o1hepathogenicm㏄hanismofNODmice.But,markedT
cell-dcficiencyinCrSmicesuggeststhatthisstrainisagoodtoolfbrthestudyofT㏄】Imaturation
anddistribution.0町preliminaiystudyrevealedthatmuchmoremaIureTcells,particularlyL3T4+
Lyt2-cells,areretainedinthethymusmedullainCTSmicethanin重heotherstrains.Thissuggests
thathomingofmatureTcellsinperipheralIymphoidtissuesmightbeimpairedinthismousestrain.
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VII.Conclusions
1)Cultureofhydrocortisone(耳C)-resistanIC57BL/6mousethymocyteswithrecombinanthuman
in重erleukin2(1L-2)allowedtheproliferationofthethymocytesandresultedinthegenerationof
lymphokine-activatedkiller(LAK)cellscytotoxictoavarietyoftumoroells.The(ytotoxicactivity
oftheLAKcellswasgreatlyreducedbytrea重mentwithanti-Thy1.20ranti-Lyt2,2monoclonal
antibodyandcomplementbutnotwithanti-asialoGMIantibodypluscomplementFractionationof
IL-2-stimulated重hymocytcsbymeansofPercolldensitygradient㏄ntrifugationrevealedthatboth
cytotoxicactivityandbindingcapacitytotarget㏄11sweregreaterinthecellswithlowerdensityand
largersizethaninthecellswithhigherdensityandsmallersize.TheseIL-2-activatedthymocytes
expressedhigherIevelsofbothThy1,Lyt2andlymphokine-activated㏄11-associated(LAA)antigens
thanunstimulatedthymocytcs,asindicatedbyaflowcytometricanalysis.The丘equencyofLへK
precursorcellswasfoundtobe7.5tlmesgreaterinthcHC-resistantthymocytepopula重ionthanin
totahhymocytes,asdeterminedbymeansofalimitingdilutionmethod.TheLAKprecursor㏄11sin
HC-resistantthymocytesappearedtobeLytr(orduIILyt1+),L3T4-,Lyt2-TcelIs,because
eliminationofbrightLyt1",Lyt2+orL3T4+TcellsfromHC-resistantthymocyteshadnoeffecton
th・gene・ati・n。fLAKceE1・・n・ ・e・esult・indicat・th・tLAKcell寧f「・mm・usethym・・yt・・a・eLyt
2'Tcellswhichareinducible加mHC-resistantLyt2-thymocytes.
2)Ithaspreviouslybeenshownthatkiller-blockingmonoclonalantibody(KBAmAb)recognizes
】ymphokine-aclivatedce11-associatedantigen(LAA)involvedinbroad-reactivekmer(BRK)ce11-
mediatedcytotoxicity.InowreportedthatLAAisexpressedona田ymphoidcells,thoughtheamount
ofLAAonunstimulatedlymphoc)確esislow.Incontrast,1ymphocytesactivatedin_y血Ωwitheither
concanavalinA,alloantigens,lipOpOlysaccharide,orrccombinantinterleukin2expresshighlevelsof
LAA.Inaddition,血血 Ωactivatedlymphocytes,suchasOK-432-activatedlymphocytesandtumor-
infiltratinglymphocytcsexpresshigherlcvelsofLAAthanunstimulatedIymphocytes.Ialso
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demonstratedthattheexpressionofLAAisrestrictcdinT-cemymphomasandaMφccllline,whilc
myclomas,fibrosarcomas,andcarcinomasdonotexpressLAA.Cellcyclcanalysisusingpropidium
iodideandKBAmAbshowedthatLAAexpressionwascloselycorrelatedwiththetransitionofcells
fromGi、toGlbphase,
3)Theadditionofmonoclonalknlerblockingantibodies(KBAmAb)toculturedTcellsresulted
insignificantinhibitionofT-cellresponses重oconcanavalin(ConA),classIantigenandclassII
antigen,whereasT-ccllresponses吐ophytohemagglutininareinsensitivetoKBAmAb.Theinhibi霊oIy
effectofKBAmAbisobservedonlywhenKBAmAbisaddedtothec山ureatanearlytime .This
indicatesthatthelymphokine-activated㏄11-associatedantigen(LAA)definedbyKBAmAbplays
animportantrolelnT-cellactivationatthceariystages.ConA-inducedinterleukin2(IL-2)recepIor
acquisitionandIL-2production,bothofwhicharerequiredfor吐heearlystepsofT-cellactivation,
weregreatlyinhibitedbyKBAmAb.However,KBAmAbdidnotinhibittheactionofIL-2 ,which
isrequiredforlaterstagesofT-cellactivation.
4)ThecataractShionogi((■『S)mousecharacterizedbycataractsandmicrophthalmiaisasisterstrain
oftheNODmouse.IhavemadethelmmunologicalcharacterizationoftheC「Smousebymeansof
血 血assays.SplenocytesoftheCTSmousewereveryIowintherespOnsivenesstoTcellmitogcns
suchasConAandPHAbutnottoaBcellmitogen,LPS.TheproductionofIL-2andexpression
ofIL-2-receptorofspleencellsaftcrin-」!dt[Q.stimulationwithConAdecreasedintheCTSmouse,
whencomparedwiththoseintheNODandtheotherrefercnccstrains,lnmixedlymphocyteculture,
CTSsplenocytesdidnotproliferateanddidnotgeneratccytotoxicTlymphocyleswhencocuhured
withsplenocytesofthcC3H/Hemousc.TheNKactivityagains重YAC-1target㏄Uswaslowerin
theCTSmousethanintheC3H/Hcmouse,anNKhighrespOnder,buthigher曲anintheNODmouse,
alowresponder.Theseresultssuggestthatthc㎝SmouscisdcficicntinToells.Subsetanalysis
ofsp】eniclymphocytesoftheCTSmouscusingfiowcytomctryrcvealedthatthepercentageofTcclls
59
in重heCrSmousewassignificantlylowerthanthosein重hereferencestrains,whichwasconsistent
with重hercducedrespOnsivenesstoTce1]mi書ogensinthc(γrSmouse.ThedeficiencyinthcLyt2+
T㏄11subsetwasparticularlystriking.Howcvcr,theresponsetoPHAoflhesplcnocytesofthe㎝
mousewasno㎜alizedwhenTcellswereenrichcdbynylonwool-passingand㏄11-sorting.
Therefbre,itseemsthatdecreasedTcellactivityisduetoadecreaseinTcellnumberandnotto
dysfunctionofindividua1Tcells.
5)ToconfirmirLyitrocharacteristics,皿ΩimmuneresponsesofCTSmicetoT-dependentand
T-independentantigenswerecomparedwilhthoseofsomercfelencestrainsincludingNODmice.
AntibodyresponsesofCTSmiceafleroneinjectionofahighdose(108)oroneortwoinjectionsof
alowdose(105)ofsheep=edbloodcells(SRBC)weremarkedlylowerthanthoseofthereference
strains.ThedecreasewasparticularlystrikingintheIgMantibodyproductionatprimaryrcsponseto
bothhighandlowdoses,andtheIgGantibodyproductionatthesecondaryresponsetoIowdose.
SimilarlowerantibodyproductionwasobservedinCrSmiceagainstbovinescrumalbumin(BSA).
LittleproductionofIgEantibodywasobseτvedfromlthrough3weeksafteraninjectionofBSAplus
Bordetellapertussis.IgGlresponsewasobservedathighincidcncebutlowerintiterthanthoseinthe
referencestrains.Unexpectedly,inspiteofthepoorantibodyproduction
.toBSA,pOtentsystemic
sensitizationfbranaphylac吐icshockwaseasilyestablished;incidenceoflethalshockbcingcomparable
withthoseinthereferencestrains.ThissuggeststhatσrSmicearehighlysusceptible重otheeffector
phaseofactiveanaphylacticshock.Cell-mediatedimmunitywasalsoimpaired.Delayedtypcof
hypersensi重ivitytoSRBCwaslow,andtherejec重ionoftheskingrafヒ丘omNODmousedidmtoccur.
IncontrasttothereducedTce11-mediatedresponses,nodifferencewasfbundbetwcenCTSand
rcferen㏄strainswi山regardto吐heantibodyproductiontoLPS,aT-indepcndentantigen.These血
yiyQfindingsareconsistentwiththe血」∠血 Ωstudy.
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VIII.MaterialsandMethods
Anim血MaleC57BI/6micewereobtaincd丘omFunabashiFam,Chiba,anduscdatagcs
of5-8weeks(Ch叩terII-IV).(ヱ「SIShi,NOD/Shi,NONIShi,DS/Shi,AKR,CBAか1,C57BL16,
BALB/candC3HIHefemalemicewefeusedaIagcsof8tol5weeks(ChapIerV).Bothsexesof
CIS,NODandNONstrains,andfemalesofC3H/He,C57BL16J,BALB/c,DSIShi,(B6xDBA/2)F1,
andBALB/cathymicnudemicewcreused(ChapterVI).AIIthemiceinChapterV-VIwerebred
atShionogiAburahiLaboratoriesundersp㏄ificpathogen-freecondition,andtransferredtoaclean
butconve面onalconditionatthetimeofstartingtheexperiments.Unlessotherwisedescribed,the
animalswereusedfbrimmunizationat7togwecksofageinthecaseofChapterVLFemaleDS!Shi
miceandWSrats(bredatShionogiAburahiLabOratoriesasaninbredstrain,7to8weeksofage)
wereemployedastherccipientsfbrpassivecutaneousanaphylaxis(PCA).
Tumorcells.BMC2(H-2b),BMC6A(H-2b),andMethA-ad(adherentsubcloneofMethA,
H-2d)fib・・sa・c・m・・,MBレ2(H-2b),EL4(H-2b),FBL-3(H-2b),YAC-1(H-29),RADA1(H-2・)
andBW5147(H-2k)lymph・mas,P3×63Ag.853(H-2d),X5563(H-2k)andSP2/0-Ag14(H-2d)
my・1・m…P388Dl(H-2d)mac・・ph・gecellline,MM48(H-2ヒ)m・mm・rytUm・・a・dB16(H-2b)
melanomawereusedinthesestudies.Thesetumorccllsweremaintainedby血_y血Ωculturewith
RPMI1640mediumcontainingpcnici]linGat100units/ml,kanamycinsulfateat60㎎/m1,1μM
sodiumpyruvate,HEPESat2.3mg/ml,NaHCO3atlmg/ml,and10%fetalcalfscrum(FCS)(Fihron
Pりr,Ntona,Australia).
In咄.rh-lL-2havjngsp㏄ificactivityofL4x107JU(Jurkatunit)〆mgwaskindly
donatedbyShionog量&Co・,Ltd・,Osaka,andusedafterapPropriatcdilution(81,82).
MΩnΩdΩnaLan血Ωd幽.KBAHybridomaccllsweremaintainedby血 血passage
innudemice.Thcasci重icfiuidcontainingKBAmAbwasharvcstcdandpurjficdby50%ammonium
sulfateprecipitationtwicc.ThisprcparationofKBAmAb(lgGh)gavcasinglcbandofprotcinin
SDS-PAGE.
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Fluofesccinisothiocyanate(FITC)-conjugatedmonoclonalan重i-Thyl.2(30-H12),anti-Lyt
1(53.7.3),anIトLyt2(53.6.7)andantトmouseIgM(33U2)anlibodieswerepurchascdfromB㏄ton
DickinsonMonoclonalCenter,Inc.,CA.Fn℃-conjugatedmonoclonalanti-ThyLl(OX-7)antibody
waspurchased丘omSerotecLtd.,BlackthomBicestcr,England.MonoclonalantトMac-1antibody
waspurchased丘omHybrit㏄hInc.,CんFrrC-conjugatedmonoclonalanti-ratkappa(MARK-1)
antibodyandFrrC-conjugatedanti-rabbitIgGantibodywerepurchasedfromCosmoBioInc.,Tokyo,
JapanandDAKOPATTSA/S,Glostrup,Denmark,respectively.FrrC-conjugatedmonoclonalant卜
L3T4(GK-15)andanti-mouseinterleukin2-receptor(3C7)antibodiesandanti-asialoGMIantibody
werekindlydonatedbyDrs.K.0㎞muraandH.YagitaofJuntendoUniversity,Tokyo,Japan.
雌 皿sLSheepredbloodcells(SRBC,NacalaiTesqueInc。,Kyoto,Japal1)mdbovinesenlm
albumin(BSA,NakaraiChemicals,Kyo亡o,Japan)wereusedasthymus-dependentantigens,and
lipopolysaccharideofEscherichiacoli(LPS,Difco,Detroit,Mich.,USA)asathymus-independent
antigen.Thesean鑑igensweresuspendedordissolvedinphosphate-bufferedsalinesolution(PBS,Ph
7.0).
R-Thymocyteswereobtained丘omC57BI/6micebeforeor24h
afIeranintraperitonealinjectionofasuspensionofhydrocorlisoneacetate(WakoPureChemicaI
Industries,Osaka)inphysiologicalsaline.
1-LL血activatedlymphocytcswereobtainedfrom
C57BL/6mousespleencellsbyincubatingwithConA(2.5㎎/ml)orLPS(40μg/m1)fbr48hat
37。C.畑yΩactivatedlymphocyteswerep爬parcdfromperitonealexudate㏄11s(PEC)ofC57BL〆6
micewhichweretrcatcdwithlKE/mouseofStrgptQpogcuspreparationofOK-432(generously
donatedbyChugaiPharmaceuticalCo.,Ltd.,Tokyo)3daysbcforetheexpcrimcnt.Toremove
macrophages,PECwere重reatedwithplasticdishandnylonwoolcolumn(83)befbretheexperimen重.
正一 』L).BMC2tumor㏄11s(107)wereinjected
scintoC57BL16mice.Thisresultedinthedevclopmentoftumornodu!es15daysafteftheinjection.
TumortissuesofBMC2wcrecutinto2-to3-mm3fragmentsinphosphate・-buffercdsaline(PBS),
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washedtwicewithPBS,anddigestedwith500U/mlofDispasc(GodoShusci,Co.,Ltd.,Tokyo)a
37℃fbr20min.Tumo卜infiltratinglymphocyteswerepreparcdfromthesetumorccllsuspensions
usingglasswoolcolumnsasdescribedpreviously(27).
-SplecnsfromCrSandothermicewerercmovcd,tcasedapart,
andpressedthroughmesh,usingHanks冒balancedsaltsolution(HBSS,NissuiPhamaceuticalCo.,
Ltd.,Tokyo,Japan)toproduceasingle--cellsuspension,Lymphocyteswereisolatedbydensity
gradientcentrifugation(a重1,200x8fbr20min)usingalymphocyteseparationmedium,M-SMF
(JIMRO,density:1.090,NihonKotaiKenkyu-sho,Takasaki,Japan),andthenwashedHBSSthree
times.Viable㏄11swerecountedbythetrypanbiueexclusiontest(viability=morethan95%)and
adjustedtoappropriatc㏄11concc耐rationswi重hRPMI1640medium(FlowLaboratoriesInc,)
containing10%heat-inactivatcdfetalca墨fserum(FCS,HycloneLaboratoricsInc.,UT).
A-Theassaywaspe㎡bmledaccording
tothemethoddescribedinapreviouspaper(28).Briefly,aliquots(0.2ml)of㏄11suspensions(2.5
・10`㏄11・/ml)w・ ・ecult・edwith・h-1レ2(2000JU/ml)inaC・ ・t・N・.3599plasti・pl・t・f・・
variousperiodsat37℃.Thece11swerepulsedwith3H-thymidine(3H-TdR)(AmershamJapan ,
Tbkyo)fbr4hat37。qcollectedwiththeaidofaSkatroncellharvester,andcountedforradioactivity
byastandardliquidscin重illationtechnique.
工【1血血 Ωn_Ωf上皿 一LAKNKceSlsand()TLwereprepared
bythemethoddescribedpreviously(10).Inthecaseofthymocyte-LAK,thymocytes(5x106)fピom
HC一 重reatedoruntreatedC57BL!6mlccwcreculturcdinthcpresenceofrh-iL2(2000JU/ml)ina
CostarI2-・weHplas重icplatefor4-5daysat37℃.The㏄llswerecollectedandassayedfbrcytotoxic
activitybytheユH-uridinemethodasreportcdprcviously(84,85).Bricfly,analiquot(0.1m1)ofan
effector㏄11suspensionwasmlxcdwithasuspcnsionof3H-uridine-labeledtargetcells(4x103cclls
inO.1ml)inaCostarNo.3799U-bottomcdplasticplate,andthecellmixturewascuhuredfor18
hat37℃.Thecellswercco】lectedbytheuscofaSkatroncellharvester,andthcirradioactivjtywas
measuredbyastandardliquidscintillationtechnique.
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Thcpcr㏄n重agcoftarge重celllysiswascalc"latedfromthefollowingcquation:%cy重otoxicity
=100x(1-cpmoftargetcellsculturedwitheff¢dorcclls/cpmof吐argelccllsculturedalone).For
standardizationofcytotoxicity,thenumberofeffectorccllsrequiredf6f25%lysisof4xlO3重arget
cellswasdefinedasllyticunit(LU)(ChapterII-IV).
1nthecaseofChapterV,targetcelisfbralloimmuneCTLwere重heConA-inducedsplenic
blastcells.TheYAC-1celllinewasusedasatargetfbrNKcytolysis。Approximate】y5x106target
cellswereincubatedwithO.1mCiofNOf'CrO,for1.5hat37℃,washedthreetimes,andadjustcd
tolx105/ml.AO.1mlportioncontaininglx10"cellswaspOuredintoeachwellof96-wcl】mund-
bottomedplates(Linbro,FlowLaboratoriesCo.,Virginia)wi重hO.lmlofcffectorcellsuspensions
col1重ainingdifferentnumbersofeffectoroells;eachdilutionoftheeffedorcellsuspensionwasplated
intriplicate.Afterincubationat370Cfbr4h,alOO一μlaliquolofculturesupematantwasremoved
fromeachwellforamdioactivitycount.Spontaneousrcleaseof51Crwasmeasuredin吐hcabsence
ofeffectorcells(inRPMn640mediumcontaining10%FCSinsteadoftheeffectorccllsuspension),
andtotalreleasewasmeasuredusingthedetergent-lysedtargeIcells.ThepcrcentageofCytotoxicity
wascalculatedusingthefollowingformula:
E-x100
TotaIrelease-Spontaneousrelease
Forstandardizationofcytotoxicity,thcnumberofeffectorcellsrequiredfbr25%lysi'soflx104
targetcellswasdcfinedasonelyticunit(LU).
Eb-sLFIuoresccinisothiocyanate(FITC)-
conjugatedmonoclomlantibodicsagains重Thy1.2,LytlorLyt2,phycocrythrin(PE)-conjugatcd
monoclonalantibodyagainstL3T4an重igen(Bcc重on-Dickinson),andmonoclonalantibody(KBA)(10)
againstLAAantigenwcreusedforassays.AcellpcllctoflO6cellswasincubatedwith10y.lof
FrrC-conjugatcdantibodyorbiotinylatcdmonoclonaIanlibody(KBA)fbr45minundcricc-cooling.
Fortwo-colorsIaining,PE-conjuga重cdantibodywasaddcdIogcthcrwithFITC-conjugatedan重ibody.
Af重erincubation,theccllswcrcwashcd3重imcswithpho:phate-buffcredsaline,PH7,2(PBS),霊rcatcd
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(inthecaseofKBA)oruntreatedwi重hFrrC-conjugatedavidin(Becton-Dickinson)fbr45minat4。C,
and吐hcnanalyzedfbrthestainingpa虻tembyflowcytomctryinaFACSanalyzcr(Bedon-Dickinson).
Foreachsample,dataf「om10,000vo]ume-gatedviablecellswerecollccted(Chapter川一IV).
InthecaseofChapterV,1x106cellswereincubatedwithO.1mlofeachmAbpreparation
fbr30minoniceindirectimmunofluorescenceanalysis.ThedilutionsoftheFrrC-mAbsareas
fbUows=anti-ThyL2,1:400;anti-Lyt1,1:100;anti-Lyt2,1:100;anti-mouseIgM,1:100;anti-Thy
1.1,1:800;antl-L3T4,1:400.Inindirectimmunofluorescenceanalysis,0.lmloflstantibodies(anti-
Mac-1diluted1:50andanti-asialoGM1diiuled111,000)we【eaddedtothecellpelletswhichwe爬
incubated30minonice.Afleτthe㏄llpel]etshadbeenwashedthreetimeswithHBSScontaining
O.1%sodiumazide,0.1mlofF】TC-・conjugated2ndantibodies(anIi-ratkappadi1uted1=50andantレ
rabbitIgGdilutedl:1,000)wereaddedtothecellpelle重s.ThesamplethcnwasincubatedforafUrther
30minonice.AfIerthecellshadbeenwashedthreetimes,吐heirstainingpa髄emwasanalyzedusing
aB㏄ton-DickinsonFACS440systemandaConsort30system.Thefluorescencescalew盆s
logarithmicallyamplified.Foreachsamplc,datawereexcluded丘omanalysisbyaddi霊ionalstaining
withpropidiumiodide.
(_SimultaneousimmunofiuorescencealldDNAcontentanalysiswas
performedasdescribedbyKrishan(86)withsomemodifications.CellswerestainedwithKBAmAb
andavidinFrrqasindicatedabove.The㏄11swereIhenfixcdonicein70%ethanol(stockeda虻 一
20。C)for30minandsubsequentlytreatedwithlmg/mlofRNAase(Sigma)fbr30minat37。C.
Afterincubation,thecellswerewashedwithPBSandstainedonicewithpropidiumiodidc(50μg!ml
inPBS)fbr15minandanalyzedbyFACSanalyzerasdescribedabovc.一
Thy1.2(SeroteccloneF7D5),Lytl.2(CedarlaneCG16),Lyt2.2(CedarlaneAD4)andL3T4(GK
1.5),andanti-asialoGMIantibody(agenerousgi丘f「omDr.K.Okumura,JuntendoUniversity
wereused.Acellpclletof50x106cellswastrcatedwith40μlofantibodysolu電ionfb
underice-cooling.ThecellswerewashcdtwicewithPBSandthentreatedfor45minat37℃with
Monoclonalantibodiesagainst
,Tokyo)
r45mi
65
1:8dilutionofguincapigscmmwhichhadbccnpreabsorbedwi1hmousclymphocytes(nontoxicto
thymocytes)。Thecellswcrewashed3timeswithPBSanduscdforexperimcnts.
E-Theanalysiswascarriedoutaccordingto
thelimitingdilutionmethodofl£e(87).VariousnumbersofthymocytesfromHC-trcatedor
untreatedmiceweremixedwithequalnumbersofmitomycinC-treated(50pg/mlfor30minat37℃)
spleencellsand2,000JU/mIofrh-IL-2inCostarNo.3799U-bottomedplasticplates.After
incubationfbr7daysat37℃,the㏄11sintheplateswere㏄11trifuged,andaportion(0.1ml)ofthc
oulturemcdiumineachwellwasreplacedbythesamevolumeofa㏄11suspensioncontaining4x103
3H-uridine-1abeledFBL-3cells,AfterafUrtherincubationfbrl8h,theradioactivityretainedin
FBL-3㏄11swasmeasuredby吐hemethoddescribedpreviously(85).Thosewellsthatexhibitedlarger
than10%specifictargetce111ysiswerescoredpositive.Thepercentageofnonτespondingwellswas
calculatedbyusing24samplespergroup.Whenthis(inlogscale)wasp且ottedagainstthcnumbcr
ofrespondingcells(inarithme重icscale),astraightlinewasobtainedaspredictedbythezero-order
terrnofthePoissonprobabilitydistribulion,Po=e`mwhcref=frequency・ofLAKprecursors,N=numbcr
ofrespondercells,andPo=theprobabilityofobtaininganonrcspondingwclLWheIIPo=e-1=0.37(i.e.,
37%nonrespondingwclls,f=1/N).Thus,thereciprocaloftheresponder㏄11numbercorresponding
to37%nonrespondingwellsisthcLAKcellprecursorfrcquency.
E匡一.AsIock(100%)solutionofPcrcoll(PhamlaciaFlneChemicals,
Uppsala,Swedcn)wasmadebyaddingonepartof1.5MNaCltogpartsofPercoll,andwasdilutcd
asrequircdwilhRPMI1640mediumcontaining10%FCS.Adiscontinuousgradicntwasmadeina
10mlg】asstubcbylaycring2mleachof80,60,55and40%Percollsolutions.Analiquot(1ml)
ofasuspcnsioncon電aining5x1061ymphokine-activatcdthymocytcswascarcfUllylaycrcdontopof
thegradicntandthetubewascentrifugedfbr20minatOOOgat4。C.Ccllsaccumulatcdatthe
interfaccofcachgradientso1面onwerecarcfUllypipettcdoffandwashcd3timcswithmcdium.
A-.Thcassaywaspcrformcdasdcscribcdprcviously(10).
Inbricf,tcs吐1ymphocytes(1x106)wcrclabclcdwithlOμg/mlofazido-fluoresceindiacetatc(azido一
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FDA)(WakoPurcChemicallndustrics,Osaka)fbrlOminat37。CAftcr3washingwithPBS ,重hc
fluorcscent]yiabclcdtcsqymphocytes(5xlO5)wercmixedwithtargctcells(1xlO6)inO.2mlof
FCSmediumand㏄ntrifugedatIOOg.AfIerincubationfbr30minat23℃ ,thcccllswcregcntly
pipetted15IimeswithaPasteurpipette.ThecelIswereobscrvedundcrafluorescenccmicroscope,
andthevalueofpercentconjugate-formingcells(CFC)wascalcula重cdbymcansofthcfbUowing
formula=%CFC=100xnumberoftargctcc】1-boundfluoresccntlymph㏄ytes/numberofail
fluorescen目ymphocytes.
E-KBAmAbwasaddcdtovariousimmuncresponsc
assaysasdescribedbelowandtheirinhibitorycffectonimmuncresponseswasexamined.
M血gepiespQnsc-Qf.splQen-WitsMousespleencells(5x105/0.2ml/wcl1)wereculturedw註h
concanavahnA(ConA,SIGMA),phytohemagglutinin--P(PHA-P,ScikagakuKogyoCo.,Ltd.,
Tokyo,japan)or1φopolysacchaddeofEscherichiacoliO127:B8(LPS,Difco)for48hinthc
RPM11640mediumcontaining10%FCSand5xlO凸5M2-mercaptoethano1(2-ME),andthenpulsed
wi出05μCilwe]10f[ヨH】-thymidine([3H】TdR,AmershamJapan,Tokyo)fbf4h.Afterincubation,
thecellswereharvestedwithacellharvester(LaboscienceCo.,Ltd.,Tbkyo)andtheradioactivity
retainedonglassfiltcrswasmeasuredbyas重andardiiquidsclntillationlcchniquc.一
suspensions(5x106/m1)wcrcmixedwithO.1mlofstimulatorccllsuspcnsions(5x10/
with30μg/mlofmitomycinC(MMC,Kyowa)f()r45minat37Candculturcdfbr4daysinCost盆r
96-wellplasticp置atcs(#3596)inthcRPMII640mediumcontaininglO%
Halftheculturemediawasthcnreplacedwithf「cshmedia,andthcce1】swerepulsedwi吐h[H】TdR
fbr4h.
A-】 £LR〕LRcspondcrcellswerepreparcdfrom
C57BL/6mousespleencensbypassagethroughnylonwoolcolumns.Nylonadherentcellswcrc
dctachedbytcasingthenylonwoohnchillcdsalincsolution.Thcsecellswcreuscdasstimulatorcclls
aftertreatmcntwithMMC(60μ{ソml)fbr30minat37℃.Rcspondcrcclls(5x105)andstimulator
Aliquots(0.lml)oftherespondcrcc11
6ml)pre重reatcd
FCSand5x10-5M2-ME.
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cells(5xlO5)weremixedinO.2mlmediumcontaining1%freshnoma】serumand5x10層5M2-ME
andcuhuredfbr7daysat37℃.Thecellswerepulsedwith【3H】TdRfbr18hbeforeharvest.Inthcse
experiments,respondercclls,stimulatorcclls,andnomalscrumwereobtainedfrom1hesamemouse
toexcludethexenogeneicfactors(88).
(-Aliquots(0.1m1)ofrespondercell
suspensions(5xIO6/ml)weremixedwithanequalvo】umeof2.5x10『1mlofMMC-pretreated(30
pg/ml)stimulatorcellsuspensionsandincubatedina12-wellplate(Costar#3512)intheRPMI1640
mediumcontaining10%FCSand5x10-5.M2-MEat37。C.After4days,thecultureswcreassayed
forCTLgeneraIionbydetemliningtheirabilitytolyse51Cr-labclcdtargetcells.
IL=2」曲Mousespleenoells(5x106/2ml!well)wereculturedwithorwitheutCon
A(5μg/ml)forl8h.ThecultufesupernatantsofConA-stimula重cdspleencclls(ConA-・sup)were
harvestedbycentrifUgationat400x8fbr10min.TheIL-2activityofConA-supwasmeasured
usingIL-2-dependcntT-cellclones,T572(29,89)(Chapter]『V)or(;TLL-2(ChapterV)㏄11s.These
㏄HsdidnoIproliferatewithConA-stimulationalone.Inbrief,0.1mlofC「LL-2cellsuspension
wasculturedwithα1mlofseriallydilutedConA-supfbr48handthenpulscdwilh【3H】TdRfbr4h.
UnitofIL2wasdefinedasthereciproca】ofthcdilutiontha重indu㏄d50%of重hemaximum【3H]TdR
uptakebyCrLL-2ccllsandconvertedtoJurkatUnits(JU)usingtherefercncemouserecombinant
IL-2(r-IL-2,specificactivity3.68x106JU/mgprotein)producedatShionogiResearchLaboratories.
A⊆c血S血iΩ1LΩf』L=2」聡TheacquisitionofIL-2receptorswasdeterminedbythe
dcvelopmentofT-ceilresponsivenesstoIL-2aftershorttermpulsingwjthmitogens(90).Mouse
splecncellswereculturcdwithorwithoutmitogcnsfor8h,andthcnwashcdwithciIhcrO,1ルfα一
mcthy1-D-mannosideor/V-acetyl-D-galactosaminctoremovece11-boundConAorPHA,
respcctive]y。Aftcrpassingthroughnylonwoolcolumn,theTcclls(5x10「1wel1)werecuhuredwi重h
卜IL-2(2000JU/m1)fbr36hin96-wel】culturcplales.Thecellswerepulscdwith[3H】TdRfbr4h,
thenharvested.
工h一 血Ω皿.T572cclls(104)wcreculturcdwi重hvarious
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concentrationsofr-IL-2inIheprescnccorabscnceofKBAmAbfor36hat37。C.The【3H】TdR
incorporationofthecellswasmeasuredbypulsingthemwithl3H】TdR(0.5ptCi/well)fbr4hbefbre
theharvest.
-
1-Micewereimmunizedeitherbyasingleintravenous
injectionofahighdose(108)orbyoneortwo(atoneweekinterva1)intravenousinjectionsofalow
d・se(1の・fSRBC.Th・yw・ ・ebledbyheartp・ncl・・e・neweek1・t・・,・ndserumt・t・1σgM)・nd
2-mercaptoeIhano1(2-M尼,0.1M)-resistant(lgG)hemaggluIinintitersweredcIemlined.
2)」-Micewereinjectedintraperitoneallywi出amixtureofl
mgofBSAand2x1090fkiUedBΩ 【d-organisms(Bp,NakaraiChemicals).Oneto
threeweekslater,theywe1ebledandserumIgEandIgG正antibodiesweretitratedbymeansof1-day
ratPCAand1-hourDSmousePCA,respectivelyusingBSA(1mg)plusEvansblue(1mgfbrmouse
and5mgfbrrat)astheelicitor.ThcantibodytiterwasexpressedasthehighestdiluIionofthesenlm
thatgavepositivePCA,i.e.,blueareawithadiametcrmorethan5mm.
3-Micewereimmunizedbyanintravcnousinlectionof10μg
ofLPS,andbled4to14dayslater.Tota】and2-ME-resistantantibodytitersweredeterminedby
agglutinationofLPS-coatedSRBCaccording重oRudbach(91).
4一 Ω皿.Antigen-inducedcontractionofuterusofCrSfemaleswastestcd.
Theuteruswasremoved14daysaftcranintraperitonealinjectionoflmgofBSAand2xIOgBp.
Tocauseestrus,0.05mlofcs虻radiolbcnzoatc(1mg〆ml)dissolvcdinsesameoilwasintraperitoneally
injectedtwodaysbcforetheuteruspreparation.UsingaMagnusapparatus,thecontractionofuterus
musclewasassayed雛ftcradditionofBSA(finalconcentration100㎎/ml).
5-.Micewhichhadbeenimmunized亡oBSAasabove
dcscribcdwereintravcnouslyinjcctcdwi重hlmgofBSA。Lethalityandshocksymptomswcre
recorded.
工一Micewcrcimmunizedbyasingleintravcnous
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injectionoflx1050fSRBC(0.2ml).FourdaysIa重er,108SRBC(0.025ml)andequalvolumeof
physiologicalsalinesolutionwcreinjcctedintradermallyattheirrightand】cftfootpads,respcctively.
Djffcrencesinthickncssbetweenleftandrightfootpadsweremeasuredusingadia]gauge28and48
hoursaftertheantigenchallenge.Nollspecificswc童lingindu㏄dbythefbotpadinjectioninthenormal
micewassubt【actedasthebackgroundleve1.
S㎞Lg【a且_軸LTestsweredoneusing5weekoldmice.SmaHpiecesoftai】skinwere
removedf士omCTS,NOD,NON,C3H/HeandC57BL!6mice,andscx-matchcdmutualtransplan亡ation
wasdonebysubstitutingthepi㏄eswiththedirectionofhairgrowthrevealedaccordingtothe
techniquebyFestingctal.(92).Acceptanceand【ejectionofthegraftswerejudgedbythepresence
ofhairgrowthandpeelingoff,respectively.
S-S吐udent's'-testwasdonetoexaminethes重atisticalsignificanccofthe
differenceintheantトSRBC,anti-BSAandanti-LPSantibodytitefsbetweentheantibody-positive
seraofCTSandeachreferencestrain.Theanalysiswasnotdone,whennoneof吐heCTSmiceor
onlyone(コ ニSmousedisplayedtheantibodyactivity.
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